THE REQUISITES 


PEDIATRIG 
NEPHROLOGY 
AND UROLOGY 


The Reguisites in Pediatrics 


ELSEVIER 
MOSBY 


The Curtis Center 
170 S Independence Mall W 300 E 
Philadelphia, Pennsylvania 19106 


PEDIATRIC NEPHROLOGY AND UROLOGY 
THE REQUISITES IN PEDIATRICS ISBN: 0-323-01841-6 
Copyright © 2004, Mosby Inc, All rights reserved. 


No part of this publication may be reproduced or transmitted in any form or by any 
means, electronic or mechanical, including photocopying, recording, or any informa- 
tion storage and retrieval system, without permission in writing from the publisher. 
Permissions may be sought directly from Elsevier’s Health Sciences Rights Department 
in Philadelphia, PA, USA: phone: (+ 1) 215 238 7869. fax: (+ 1) 215 238 2239, 

e-mail: healthpermissions@elsevier.com. You may also complete your request on-line 
via the elsevier homepage (http://www.elsevier.com), by selecting ‘Customer 
Support’ and then ‘Obtaining Permissions’. 


NOTICE 


Pediatric nepbrology/urology is an ever-changing field. Standard safety precau- 
tions must be followed, but as new research and clinical experience broaden our 
knoweldge, changes in treatment and drug therapy may become necessary or 
appropriate. Readers are advised to check the most current product information 
provided by the manufacturer of each drug to be administered to verify the 


recommended dose, the method and duration of administration, and contraindica- 
tions. It is the responsibility of the treating physician, relying on experience and 
knowledge of the patient, to determine dosages and the best treatment for each 
individual patient. Neither the Publisher nor the editors assume any liability for any 
injury and/or damage to persons or property arising from this publication. 


The Publisher 


Library of Congress Cataloging-in-Publication Data 


Pediatric nephrology and urology: the requisites in pediatrics/[edited by] Bernard S. 
Kaplan, Kevin Meyers.— 1st ed. 
p. ; cm. 

Includes bibliographical references. 

ISBN 0-323-01841-6 

1. Pediatric nephrology. 2. Pediatric urology. 3. Children—Diseases. 4. Pediatrics. 
I. Kaplan, Bernard S., II. Meyers, Kevin 

[DNLM: 1. Kidney Diseases—Child: 2. Kidney Diseases—Infant 3. Urologic 

Diseases—Child. 4. Urologic Diseases—Infant. WS 320 P3715 2005] 
RJ476.K5P4347 2005 
618.92’61—dc22 2004059748 


Printed in the United States of America 
Last digit is the print number: 9 8 7 6 5 4 3 2 1 


THE REQUISITES iM 


THE REQUISITES 


THE REQUISITES is a proprietary trademark 
of Mosby, Inc. 


This book is dedicated to our wives Paige and Shiralee 


Kristin Andolaro, RD, LDN 

Clinical Dietician 

Division of Nephrology 

The Children’s Hospital of Philadelphia 
Philadelphia, Pennsylvania 


H. Jorge Baluarte, MD 

Professor of Pediatrics 

Department of Pediatrics 

The Children’s Hospital of Philadelphia 
Medical Director, Renal Transplant Program 
Division of Nephrology 

Department of Pediatrics 

The Children’s Hospital of Philadelphia 
Philadelphia, Pennsylvania 


Richard D. Bellah, MD 

Associate Professor of Radiology and Pediatrics 
Department of Radiology 

University of Pennsylvania School of Medicine 
Staff Radiologist 

The Children’s Hospital of Philadelphia 
Philadelphia, Pennsylvania 


Michael C. Braun, MD 

Assistant Professor 

Division of Pediatric Nephrology and Hypertension 
University of Texas Health Science Center at Houston 
Center for Immunology and Autoimmune Diseases 
The Brown Foundation Institute of 

Molecular Medicine 

Houston, Texas 


Chris Breen, RN, BSN, CNN 

Clinical Nurse 4, Staff Nurse 
Department of Dialysis 

The Children’s Hospital of Philadelphia 
Philadelphia, Pennsylvania 


Contributors 


Jon M. Burnham, Jr., MD 

Instructor 

Department of Pediatrics 

The University of Pennsylvania School of Medicine 
Fellow 

Department of Rheumatology and General Pediatrics 
The Children’s Hospital of Philadelphia 
Philadelphia, Pennsylvania 


Douglas A. Canning, MD 

Associate Professor of Urology 
Department of Surgery 

Hospital of the University of Pennsylvania 
School of Medicine 

Chief, Pediatric Urology 

The Children’s Hospital of Philadelphia 
Philadelphia, Pennsylvania 


Russell W. Chesney, MD 

Le Bonheur Professor and Chair 

Department of Pediatrics 

University of Tennessee Health Sciences Center 
Vice President of Academic Affairs 
Administration Department 

Le Bonheur Children’s Research Hospital 
Memphis, Tennessee 


Anne Mette Christensen, MD 
Attending Nephrologist 

Division of Nephrology 

Children’s Hospital of Philadelphia 
Philadelphia, Pennsylvania 


John P. Conery, MD 
Fellow-Physician 

Department of Radiology 
University of Pennsylvania 
Children’s Hospital of Philadelphia 
Philadelphia, Pennsylvania 


vii 


viii CONTRIBUTORS 


Katherine MacRae Dell, MD 

Assistant Professor 

Department of Pediatrics 

Case Western Reserve University 
Attending Pediatric Nephrologist 
Division of Pediatric Nephrology 
Rainbow Babies and Children’s Hospital 
Cleveland, Ohio 


Barbara A. Fivush, MD 
Professor of Pediatrics 
Department of Pediatrics 
Johns Hopkins University 
Chief of Pediatric Nephrology 
Department of Pediatrics 
Johns Hopkins Hospital 
Baltimore, Maryland 


Joseph T. Flynn, MD, MS 

Associate Professor of Clinical Pediatrics 
Department of Pediatrics 

Albert Einstein College of Medicine 
Director, Pediatric Hypertension Program 
Section of Pediatric Nephrology 
Children’s Hospital of Montefiore 

Bronx, New York 


Stuart L. Goldstein, MD 
Assistant Professor 
Department of Pediatrics 
Baylor College of Medicine 
Medical Director 

Renal Dialysis Unit 

Texas Children’s Hospital 
Houston, Texas 


Cynthia Green, MSS, LSW 

Social Worker 

Division of Nephrology 

The Children’s Hospital of Philadelphia 
Philadelphia, Pennsylvania 


Marta Guttenberg, MD 

Assistant Pathologist 

Department of Pathology and Laboratory Medicine 
The Children’s Hospital of Philadelphia 
Philadelphia, Pennsylvania 


Bernard S. Kaplan, MB, BCh 
Director of Pediatric Nephrology 
Professor of Pediatrics 

The Children’s Hospital of Philadelphia 
The University of Pennsylvania 
Philadelphia, Pennsylvania 


Thomas F. Kolon, MD 

Assistant Professor 

Department of Urology 

University of Pennsylvania School of Medicine 
The Children’s Hospital of Philadelphia 
Philadelphia, Pennsylvania 


Jennifer Kolu, MSN, RN-CS, PNP 
Department of Urology 

The Children’s Hospital of Philadelphia 
Philadelphia, Pennsylvania 


Kevin E.C. Meyers, MB, BCh 
Pediatric Nephrologist 

Assistant Professor of Pediatrics 

The Children’s Hospital of Philadelphia 
The University of Pennsylvania 
Philadelphia, Pennsylvania 


Mini Michael, MBBS, FRACP 

Post Graduate Fellow, Pediatric Nephrology 
Department of Pediatrics 

Baylor College of Medicine 

Texas Children’s Hospital 

Houston, Texas 


Dawn S. Milliner, MD 

Professor of Pediatrics and Medicine 

Division of Nephrology 

Department of Pediatrics and Adolescent Medicine 
Mayo Clinic 

Rochester, Minnesota 


Lawrence S. Milner, MD 

Associate Professor 

Department of Pediatric Nephrology 
Tufts University School of Medicine 
Floating Hospital For Children 

New England Medical Center 
Boston, Massachusetts 


Julie Petro Mongiello, MSN, CRNP 
Department of Nephrology 

The Children’s Hospital of Philadelphia 
Philadelphia, Pennsylvania 


Alicia M. Neu, MD 

Associate Professor 

Division of Pediatric Nephrology 
Department of Pediatrics 

Johns Hopkins University School of Medicine 
Baltimore, Maryland 


Jo-Ann Palmer, MSN, CRNP 
Renal Transplant Coordinator 
Department of Nephrology 
Children’s Hospital of Philadelphia 
Philadelphia, Pennsylvania 


Madhura Pradhan, MD 

Clinical Assistant of Pediatrics 
Department of Pediatrics 

University of Pennsylvania 

Attending Nephrologist 

Department of Pediatrics 

Division of Nephrology 

The Children’s Hospital of Philadelphia 
Philadelphia, Pennsylvania 


Pierre Russo, MD 

Associate Professor 

Department of Pathology and Laboratory 
Medicine 

University of Pennsylvania School of Medicine 
Chief, Division of Anatomic Pathology 
Department of Pathology and Laboratory Medicine 
The Children’s Hospital of Philadelphia 
Philadelphia, Pennsylvania 


Ann E. Salerno, MD 

Fellow 

Department of Pediatrics 

University of Pennsylvania School of Medicine 
Children’s Hospital of Philadelphia 
Philadelphia, Pennsylvania 


Seth L. Schulman, MD 

Associate Professor 

Department of Pediatrics and Surgery 

University of Pennsylvania 

Attending Physician 

Department of Pediatric Nephrology and Urology 
The Children’s Hospital of Philadelphia 
Philadelphia, Pennsylvania 


Kathy Shaw, MD 

Professor of Pediatrics 

Children’s Hospital of Philadelphia 

Chief, Division of Emergency Medicine 
University of Pennsylvania School of Medicine 
Philadelphia, Pennsylvania 


Jonathan M. Sorof, MD 

Associate Professor 

Department of Pediatric Nephrology and 
Hypertension 

University of Texas-Houston Medical School 
Houston, Texas 


Contributors ix 


Lisa J. States, MD 

Pediatric Radiologist 

Department of Radiology 

The Children’s Hospital of Philadelphia 
Philadelphia, Pennsylvania 


Kimberly J. Sterner-Stein, MSW, LSW 
Social Work Consultant 

Division of Nephrology 

The Children’s Hospital of Philadelphia 
Philadelphia, Pennsylvania 


C. Frederic Strife, MD 

Professor of Pediatrics 

Division of Nephrology and Hypertension 
University of Cincinnati College of Medicine 
Cincinnati Children’s Hospital Medical Center 
Cincinnati, Ohio 


Peter D. Thomson, MB, BCh (Wits), FCPaed (SA) 
Professor in Paediatric Nephrology 

Clinical Head of Paediatrics 

University of Witwatersrand Donald Gordon Medical 
Centre 

Johannesburg, Gauteng, South Africa 


Howard Trachtman, MD 

Professor 

Department of Pediatrics 

Albert Einstein College of Medicine 

Chief, Division of Nephrology 

Department of Pediatrics 

Schneider Children’s Hospital of NS & LIJ Health System 
New Hyde Park, New York 


Rebecca Vereb, MEd 
Doctoral Candidate 

School Psychology Program 
Lehigh University 
Bethlehem, Pennsylvania 


Aileen P. Walsh, PhD 

Fellow 

Department of Psychology 

The Children’s Hospital of Philadelphia 
Philadelphia, Pennsylvania 


Nataliya Zelikovsky, PhD 

Assistant Professor 

Department of Pediatrics 

Division of Nephrology 

University of Pennsylvania School of Medicine 
Psychologist 

Division of Nephrology 

The Children’s Hospital of Philadelphia 
Philadelphia, Pennsylvania 


The third volume of the Requisites in Pediatrics 
entitled, Pediatric Nephrology and Urology surpasses 
expectations in the choice of topics and the clarity of 
the information provided. Recall that the goal of this 
series was to ask leading pediatric subspecialists to edit 
a book that would include the essential fund of pediatric 
knowledge in their subspecialty area. Each book was to 
discuss the common pediatric conditions with accessi- 
ble practical information that would guide primary care 
providers, resident physicians, nurse practitioners, and 
students in the care of their patients. The editors and 
authors were asked to include information about appro- 
priate referrals to the specialist and to outline the labo- 
ratory testing that should be performed prior to the 
referral to assist the subspecialist in her or his search for 
the difficult diagnosis. 

The book edited by Bernard S. Kaplan and Kevin E. C. 
Meyers is filled with practical information and the 
wisdom of expert clinicians and educators. One finds 
the information presented in a concise and readable 
manner. I particularly appreciated the “clinical pearls” 
that are highlighted throughout the text. It is easy for the 
reader to re-discover that lost, yet important clinical bit 
of information about the child with proteinuria or have 
that murky concept about peritoneal dialysis focused in 
a logical manner. 

Another added value in this volume is that the con- 
cepts found in this book apply not only to the Nephrol- 
ogy or Urology patient but enrich the approach to all 
patients and families who may struggle with chronic dis- 
ease. For example, Part I stresses the importance of the 
pediatric nephrology team, each with a vital role as 
care-provider, family supporter and advocate. Reading 
these first eleven chapters allows the primary care 
provider, nurses, resident physicians, and others to 
anticipate what the challenges will be for children and 
families. The reasons may then “talk the same language” 
as the pediatric nephrology team and thereby clarify, 


Foreword 


support and reinforce the challenges and complex man- 
agement regimes that are often required in the multi- 
dimensional approach to children with renal disease. 

Part II of the book begins discussion of the most 
common diseases diagnosed and managed by pediatric 
nephrologists and urologists. Hematuria, Proteinuria 
and Hypertension: Principles for the Practitioner were 
especially welcome discussions. “HUS in not TTP” is 
another discussion that I have had the pleasure of hear- 
ing Dr. Kaplan speak about in clinical conference and 
was happy to see it so nicely written in Chapter 27 for 
those in the larger community. In Part IV, Jorge Baluarte 
and co-authors, takes the reader through the issues 
facing children and families undergoing renal transplan- 
tation. Part V of the book, shifts gears a bit to urologic 
problems, including an excellent discussion of Urinary 
Tract Infections in Childhood (Chapter 40). The clinical 
pearl that “fever is often the only sign of UTI in young 
infants” demands an understanding of the sensitivity and 
specificity of the rapid diagnostic screening tests avail- 
able (Fig. 40-4). Douglas Canning’s (Chapter 41) discus- 
sion about the urological evaluations in the child is an 
excellent contribution, especially for primary care 
providers. 

As a general pediatrician and educator, I extend my 
deep appreciation to the editors and authors of this 
book. They have provided the reader with a clinical 
pearl of a book on Pediatric Nephrology and Urology. 
We hope you enjoy the third volume in the Requisites 
in Pediatrics series. 


Louis M. Bell, MD 

Chief, Division of General Pediatrics 

The Children’s Hospital of Philadelphia 

The Patrick S. Pasquariello, Jr. Professor of Pediatrics 
University of Pennsylvania School of Medicine 
Philadelphia, PA 
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CHAPTER 


There are so many texts of nephrology, so many 
journals of nephrology, and so much information that 
one has to ask “why bother to edit yet another one?” 
Although there is no easy answer, we believe that none 
of these texts clearly enunciates the principles of team 
work in the care of pediatric nephrology patients and 
their families. Like the philosopher, Walter Kaufmann, 
who wrote Religion in Four Dimensions, we try to teach 
the important concept that the proper practice of pedi- 
atric nephrology requires an appreciation that patients 
and their afflictions must be seen in many dimensions. 
These include - in no particular order - the historical, 
religious, social, financial, geographic, psychological, 
economic, and biological aspects of a person. We cannot 
hope to cover each of these, but have included impor- 
tant discussions on some of the social, psychological, 
and biological problems in this discipline. By design and 
necessity we have chosen not to include anatomical and 
physiological descriptions of the kidneys; these are 
taught so well in other texts. Nor have we included an 
exhaustive or exhausting list of conditions because we 
have chosen to whet the appetite rather than satiate and 
bloat the reader. 

We have had the privilege of training and working in 
several different political, economic, social, geographic, 
and medical worlds. We both obtained our medical edu- 
cations at the University of the Witwatersrand in Johan- 
nesburg, South Africa. Our great teacher, mentor, and 
friend Philip Tobias impressed upon us the importance 
of never forgetting that the dissection of a human being 
allowed us to peer into the very core of that being’s 
body, and that this was a sacred act. We recognize that 
taking care of another person’s sick child is the most 
sacred and important responsibility with which anyone 
can be entrusted. According to Barton Childs, “Sir 
William Osler taught us how to practice medicine. Garrod 
taught us how to think about it. Osler conjured with facts, 
Garrod with ideas. Oslerian thinking is organized around 
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treatment and management. It is a practical approach in 
which the student is perceived as an apprentice who is 
learning what he needs to know to practice medicine. It 
is pretty much what we do in residency training. Garro- 
dian thinking in contrast is about concepts; what dis- 
eases are and why they exist.” In the Johannesburg and 
Baragwanath Hospitals, we were trained at the bedside 
in the Oslerian tradition. We were trained to take a history, 
examine the patient painstakingly, develop a differential 
diagnosis, and judiciously use the limited technologies 
that were available. 

At The Montreal Children’s Hospital and The Chil- 
dren’s Hospital of Philadelphia we entered the world of 
Garrod. Osler had come from McGill University in Mon- 
treal in 1884 to the University of Pennsylvania where we 
now work in elegant new buildings that have risen over 
the sites where Osler had taught, taken care of patients, 
and worked in “Ol Blockly.” The best of all worlds is 
attained, according to Barton Childs, in the doctor who 
cleaves to the Oslerian ideal in practice and the Garro- 
dian in thinking. 

We have another distinction, which is uncommon in 
this age of great population dispersals. Tony Meyers, Pro- 
fessor of Nephrology, taught Bernard Kaplan nephrology 
in Johannesburg. Kaplan in turn taught Tony’s son, 
Kevin Meyers, nephrology in Philadelphia. In this way, 
one of the Hippocratic oath’s injunctions, “to impart a 
knowledge of the Art to my own sons, and those of my 
teachers,” has been fulfilled. We have also tried to 
impart knowledge of this art “to disciples bound by a 
stipulation and oath according to the law of medicine,” 
but in a break with the oath, have ignored the injunction 
not to teach others. For, in this day and age of increasing 
specialization and complexity, patients and their 
families can be taken care of only by integrated teams of 
skilled professionals. In pediatric nephrology, a team 
must include at a minimum, nephrologists, surgeons, 
urologists, anesthesiologists, radiologists, nurses, social 
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workers, nutritionists, psychologists, secretarial staff, and 
coordinators. 

Pediatric nephrology can and should be taught in 
many different ways. None is exclusive of another. The 
basic requirements are knowledgeable teachers who 
love to teach, and learners who are avid for knowledge 
and instruction. Never before has so much information 
been so readily available to so many people in real time. 
No one can read all that needs to be read, understand all 
that is read, remember all that has been read, apply all 
that needs to be applied, as well as take care of 
extremely sick patients and their anxious families, con- 
tribute to the torrent of new knowledge, and teach. And 
yet, we must read much that needs to be read, under- 
stand enough of what is read, remember important and 
useful parts of what has been read, apply what needs to 
be applied, and take care of extremely sick patients and 
their anxious families, and make contributions to the tor- 
rent of new knowledge, and teach. In addition, and most 
importantly, we have to take care of our families and 
ourselves, have friends and hobbies, and try to avoid 
depleting our mental, psychic, and physical resources. 

Although Stephen Jay Gould admired his friend Oliver 
Sacks extravagantly as a writer, he felt that he could 
never hope to match him in general quality or human 
compassion. Oliver, on the other hand, envied Gould 
because although they had both staked out a large and 
generous subject for their writing (Sacks on the human 
mind and Gould on evolution), Gould had devised and 
developed a general theory that allowed him to coordi- 
nate all his work into a coherent and distinctive body, 
whereas Sacks had only written descriptively. Gould 
thought Sacks had sold himself short because of his 
attempt to reintroduce the case study method of atten- 
tion to irreducible peculiarities of individual patients in 
the practice of cure and healing in medicine. This is a 
long and poetic way of stating the obvious: the proper 
study of medicine must begin with attention to individ- 
ual patients followed by a review of groups of similar 
cases, and then proceed to prospective, randomized, and 
well-designed clinical studies with appropriate controls 
and protection for human subjects. And all the while, 
attempts must be made to develop new knowledge at 
the bench and then to do translational research. 

Much is required of a pediatric nephrologist, and of 
all other physicians, but our attentions are directed at 
those who want to know something of pediatric 
nephrology as well as those who may want to become 
pediatric nephrologists. J.D. Salinger noted that, “close 
on the heels of kindness, originality is one of the most 
thrilling things in the world, also the most rare.” Kind- 
ness is an absolute requirement. Originality has provided 
us with an impressive range of treatment modalities that 
include medications, technological marvels that support 
and sustain life, and the ability to transplant the kidney 


from one human being to another, but none of this 
should be done in the absence of kindness. Close on the 
heels of Rindness is the important understanding that 
one needs to be able to listen carefully to others and to 
avoid being dogmatic. As noted by Kierkegaard, “you are 
most likely to be in mortal sin when you are sure you are 
in the right.” 

Fox and Swazey’s advice, modified slightly for the 
purposes of context, to physicians who take care of 
renal transplant patients, applies to all physicians. 


“The final gatekeeper is the physician. Acting on 
behalf of the team, the patient, as well as for bim- 
self, be makes the ultimate judgment. The physi- 
cian’s role here is sociological and moral as it is 
medical. He acts as mediator and interpreter in 
the complex social system called into play by the 
situation. In this capacity he weaves his way 
back and forth among the patient, families, and 
the wide range of specialists who constitute the 
team. The physician is not free to abnegate his 
responsibility, nor may he exercise it arbitrarily 
or coercively. He must base his decision[s] on bio- 
medical, psychological, and sociological criteria 
that are acceptable within bis profession.” 


These wise words remain valid even today as pedi- 
atric nephrologists struggle to maintain their equanimity 
in a complex world of HMOs, insurance companies, 
bioethics committees, HIPAA regulations, institutional 
review boards, and endless levels of Kafkaesque bureau- 
cracies. One must always try to remember, however, 
that these are relative difficulties that pale in contrast to 
the poverty of body and spirit, political repression, total 
lack of resources and other apocalyptic problems that 
bedevil less fortunate countries. And above all, one must 
always remember whom we serve: our patients and their 
families. 
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Emergence of Pediatric Nephrology as a Distinct 
Discipline: 1950-1970 
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1970-1980 

Focused Research Themes since 1970 

Pediatric Nephrology in a New Century: 1990 into the 
21st Century 


INTRODUCTION 


Although the description of the formation of bubbles 
on a fluid surface, as a result of an edematous patient 
voiding into water, dates to Hippocrates (fifth century 
B.C.), the first substantial texts on urinary tract disease in 
children were published in the 16th to 19th centuries.?4 
Remarkably, the first published observation concerning 
the formation of urine by the fetus, thereby producing 
amniotic fluid, appeared in the drawings of Leonardo di 
Vinci. Probably the most important early text mention- 
ing childhood renal disease was “De Morbis puerorum” 
of Hieronymus Mercurialis (1583). This tract divides 
urinary disease into: (a) de incontinentia urinae; (b) de 
urinae suppressione; and (c) de calculo vescicae. This text 
recognizes the clinical differences between oligoanuria 
and reduced urine flow due to obstruction. Mercurialis 
also recognized the association between renal stones and 
infection and hereditary factors in stone disease. Another 
10 texts during the 17th and 18th centuries briefly cover 


Portions of this chapter are reproduced, with permission, from: 
Chesney RW. The history of pediatric discipline series: a history of 
pediatric specialties: the development of pediatric nephrology. Pediatr 
Res 2002;52:770-778. 


The History of 
Pediatric Nephrology 
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nephrology topics. Edema and anasarca were described 
in the 1500s. Descriptions of anaphylactoid purpura date 
from the 19th century and of the nephrotic syndrome 
(‘nephrosis’) from the early 20th century.®!3 The distinc- 
tion between nephritis and the nephrotic syndrome was 
made during the 1940s. 


ORIGINS OF SCHOLARSHIP IN 
CHILDHOOD RENAL DISEASES, 
1820-1950 


An examination of the history of pediatric nephrology 
(Table 2-1) shows that the main scientific focus, and the 
initial precise clinical observations, concerned fluid and 
electrolyte balance. A discipline develops when a scien- 
tific, clinical, or technical body of information allows 
unique observations to be made, and therefore the abil- 
ity to measure electrolytes in body fluids was essential in 
the study of renal disease. German clinical scientists in 
the 19th century measured electrolytes in urine and 
blood using titrimetric methods and established norms 
for the excretion of electrolytes in neonates, infants and 


Table 2-1 Early Founders of Pediatric Nephrology 


Organization Founders 


Fluid and Electrolyte 
Metabolism 
(United States) 


J. Howland, D.C. Darrow, L. E. Holt, 
R.E. Cooke, E.A. Park, 
H.E. Harrison, A. Hess, A. 
Butler, M. Marriot, W. Wallace 
J. Schénlein, O. Heubner, 
E. Henoch, F. Volhard, T. Fahr, 
C. Munck 
O. Langstein, F. R. von Ruess 


Glomerular Diseases, 
Nephrotic Syndrome 
(Germany, Austria) 

Urine Flow Rate, 
Infantile Urine Patterns 
(Germany) 
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children.!°!1,25 They also demonstrated the value of the 
precise measurement of body fluid chemicals in relation 
to a clinical situation, and this theme dominated the 
research base of pediatric nephrology until the late 
1950s.810-1416 Therefore, pediatric nephrology developed 
around questions of fluid and electrolyte metabolism, the 
balance of tonicity and volume, and the mechanisms of 
metabolic acidosis. The importance of these studies was 
that they were both quantitative and reproducible. !6 

The initial descriptions of glomerular disorders were 
case reports. Johan L. Schönlein and his student Edmond 
Henoch described parts of the syndrome that bears their 
names.?4 Textbooks of the late 19th and early 20th 
centuries described Bright disease in children, uremia, 
renal tuberculosis, post-scarlet fever renal disease, and 
albuminuria. Otto Heubner, the professor of pediatrics 
in Berlin following Schonlein, described orthostatic 
proteinuria and its benign prognosis.?> The term ‘lower 
nephron nephrosis’ defined a renal disease in children 
(the pale, edematous child with proteinuria and hypoal- 
buminemia with lipid-laden vacuoles in the tubules), and 
was replaced in the 1960s by the nephrotic syndrome.’ 
Bright disease, a term which is no longer used, described 
late features of chronic glomerulonephritis in a patient 
with renal insufficiency and hypertension.? 

Metabolism is the field of study of the founding 
scholars®!%11:14 who are the intellectual forefathers of 
modern pediatric nephrology, particularly in their belief 
in hypothesis-based quantitative science.’ Their approach 
later influenced the study of glomerular diseases. 
Remarkably, nephrology, endocrinology, nutrition, and 
biochemical genetics emerged from the broad discipline 
of metabolism. The founders of neonatal nephrology 
evaluated normal and pathophysiologic renal-related 
processes in neonates (composition of urine, urine volume 
excretion), and described a disorder termed urate 
nephropathy*? in the late 19th and early 20th centuries. 

Henoch, Heubner, Langstein, and Addis made obser- 
vations regarding the nephritis associated with scar- 
latina, diphtheria and congenital syphilis.!?> An early 
monograph by Karel de Leeuw described, in detail, the 
prognosis of various forms of nephritis, which was far 
less optimistic than today.” Addis’ influential textbook 
Glomerular Nepbritis (1950) was a paradigm shift! with 
brilliant and precise descriptions of childhood renal 
syndromes. His description of acute and chronic 
glomerulonephritis included extensive, thorough, long- 
term follow-up studies of chronic glomerulonephritis. 
These early scholars may be criticized for lumping most 
forms of nephritis into a few entities. Addis recognized 
that this limitation arose from the examination of thick 
sections of kidney tissue at autopsy, and from the fact 
that some children recovered with bed rest and diet. 
Early schemes for disease progression were not always 
accurate. What was required were means of precisely 
defining renal diseases and safe and effective treatments. 


Those requirements became possible in the 1950s 
because of the development of percutaneous renal 
biopsy and the insistence on precision in the histological 
evaluation of renal tissue (Table 2-2). 


EMERGENCE OF PEDIATRIC 
NEPHROLOGY AS A DISTINCT 
DISCIPLINE: 1950-1970 


The term pediatric nephrology first appeared in 1963 
in the book Current Problems in Childhood Nephrology 
written by the French pediatric nephrologists Pierre 
Royer,”? Renée Habib, and Henri Mathieu of the Hôpital 
des Enfants-Malades in Paris. The advent of this term 
distinguished a topic in pediatric care deserving of it 
own in-depth texts.!”? The period up to the founding 
of the European Society of Pediatric Nephrology (ESPN) 
in 1966 and the American Society of Pediatric Nephrology 
(ASPN) in 1969 was marked by six fundamental 
scientific and/or technologic advances pertaining to 
kidney function and disorders. These advances were so 
pivotal that pediatric nephrology could never again be 
considered part of any other discipline (Box 2-1). The 
seminal event was the observation that ACTH or glucocor- 
ticoids could induce remission in children with nephrotic 
syndrome and prevent death due to infection and 
malnutrition. 


Clinical Pearl 

The mortality rate from the nephrotic syndrome of 
childhood, which was as high as 40-50%, was halved 
by using antibiotics to treat life-threatening infections, 
particularly peritonitis. 


Shortly after the discovery of adrenocorticotropic 
hormone (ACTH) and cortisol in the 1940s, ACTH was 
used in a series of clinical trials in nephrotic children in 
relapse; when administered together with antibiotics, 
mortality was reduced to less than 10%.?°?! This capac- 
ity to induce remission led to questions of why some 
children responded rapidly and why others failed to 
respond. The examination of renal tissue, obtained by 
renal biopsy, by light, immunofluorescence and electron 
microscopy provided the tools that answered some of 
these questions. 

In 1948, a forerunner of the National Kidney 
Foundation sponsored the Annual Conference on the 
Nephrotic Syndrome that was later changed to The Annual 
Conference on the Kidney. These meetings focused on 
renal physiology, renal metabolism, and kidney diseases 
and were organized by Jack Metcoff, a student of 
Gamble. Major input to these conferences came from 
M. Rubin, M. Rappaport, W. Heymann, H. Barnett, and 
P. Calcagno. The meetings were selective, with seldom 
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Table 2-2 Dates of Historical Significance in Pediatric Nephrology 


Rights were not granted to include this data in electronic media. 
Please refer to the printed book. 


From Chesney RW: The history of pediatric discipline series: a history of pediatric specialties: the development of pediatric nephrology. Pediatr Res 


2002;52:770-778. 


Box 2-1 Six Critical Discoveries that 
Underline Pediatric Nephrology 


as a Discipline 


Rights were not granted to include this data in electronic media. 
Please refer to the printed book. 


From Chesney RW: The history of pediatric discipline series; a history of 
pediatric specialities: the development of pediatric nephrology. Pediatr Res 
2002;52:770-778. 


more than 40 attendees. The International Study of Kidney 
Disease in Children (SKDC) working group arose from 
the Kidney Conferences, and initiated important prospec- 
tive renal biopsy studies of children with renal disease in 
many centers. This group designed defined, biopsy- 
based, prospective studies to elucidate the clinical 
features and prognosis of minimal lesion nephrotic 
syndrome, pediatric IgA nephropathy, focal sclerosing 
glomerulonephritis, membranous nephropathy, and 
mesangioproliferative glomerulonephritis. The use of 
light microscopy, immunofluorescence, and electron 
microscopy techniques by the ISKDC and other groups 
permitted the clinicopathologic identification of mem- 
branoproliferative glomerulonephritis;”° IgA nephropa- 
thy (Berger disease);? and membranous nephropathy. '? 
Pediatric nephrology moved rapidly into the realm of 
treatment of childhood renal disease by focusing on 
the structure and function of the kidney, renal biopsy, 
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and dialysis and transplantation as essential components 
of the discipline. By 1970, the uremic child, per se, was 
becoming a focus for study and clinical care. From the 
1970s new training programs emerged to train future 
pediatric nephrologists. 

American pediatric nephrologists played key roles 
in the development of two societies based in internal 
medicine (90% of members of both societies are nephrol- 
ogist internists). The Metcoff Annual Conference on the 
Nephrotic Syndrome was the forerunner of the National 
Kidney Foundation (NKF). In 1966, Henry Barnett, Robert 
Good, and Robert Vernier were among the founders 
of the American Society of Nephrology (ASN). Robert 
Vernier, Alfred Michael, and Norman Siegel served as 
Presidents of the ASN, the only pediatric nephrologists 
chosen for this prestigious position. 

The ASPN was formed in Atlantic City in 1969 by 
Barnett, Heymann, Clark West, Edelmann, and others. 
The ASPN has held annual meetings with the American 
Pediatric Society-Society for Pediatric Research (APS- 
SPR) meetings. The ASPN has been important in formu- 
lating the agenda for pediatric nephrology in its roles as 
an educational society, in terms of public policy and in 
fostering its research agendas. The ASPN is also instru- 
mental in recruiting trainees into the discipline using 
resident travel awards (Table 2-3). The International 
Pediatric Nephrology Association (IPNA) was founded in 
1971 as a result of international cooperation engendered 


among pediatric nephrologists. In Europe, the ESPN 
founded in Glasgow by Gavin Arneil in 1966 has been 
remarkably important to the development of the field of 
pediatric nephrology (Table 2-4). Members come from 
each European nation and the meeting site rotates from 
country to country. The ESPN has been essential in 
setting the standards for dialysis and transplantation in 
Europe as well as in developing transnational consortia 
of the study of numerous renal disorders. The ESPN 
frequently invites speakers from the US and Canada and, 
as well, plays an important role in the operations of 
IPNA. The close cooperation between the ASPN and the 
ESPN in the operation of IPNA has permitted inter- 
actions among American and European pediatric 
nephrologists and the rapid dissemination of new knowl- 
edge. The result has been several cross-Atlantic text- 
books and numerous international studies. 


DEVELOPMENT OF TRAINING 
PROGRAMS AND CERTIFICATION: 
1970-1980 


Research focused on animal models of glomerular 
disease, well-conducted clinicopathologic studies in 
children, and a fundamental immunologic experimental 
approach to understanding glomerulonephritis, including 
the role of complement pathway consumption and T-cell 


Table 2-3 American Founders of Pediatric Nephrology and their Areas of Interest 


Rights were not granted to include this data in electronic media. 
Please refer to the printed book. 


From Chesney RW: The history of pediatric discipline series: a history of pediatric specialties: the development of pediatric nephrology. Pediatr Res 2002;52:770-778. 
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Table 2-4 European Founders of Pediatric Nephrology and their Areas of Interest 


Anita Aperia (Stockholm) 
Gavin Arneil (Glasgow) 

T. Martin Barrett (London) 
Horst Bickel (Heidelberg) 
Johannes Brodehl (Hannover) 
Michel Broyer (Paris) 

Cyril Chantler (London) 


Rosanna Coppo (Genoa) 
Louis Callis (Barcelona) 
Fabio Sereni (Milan) 


Guido Fanconi (Zurich) 
Marie-Claire Gubler (Paris) 
Jean-Pierre Guignard (Lausanne) 
Renée Habib (Paris) 

Niino Hallman (Helsinki) 
Edouard Henoch (Berlin) 

Ernst Leumann (Zurich) 

Leo Monnens (Groningen) 

H Ritter von Reuss (Vienna; Berlin) 
Juan Rodriquez-Soriano (Bilbao) 
Pierre Royer (Paris) 


Karl Scharer (Heidelberg) 
Harmen Tiddens (Utrecht) 
Richard White (Birmingham) 


D Innes Williams (London) 
Jan Winberg (Stockholm) 


Renal handling of sodium by the preterm and term neonate kidney 

Treatment of nephrotic syndrome and founder of ESPN and IPNA 

Pathogenesis of nephrotic syndrome. Editor of Pediatric Nephrology textbook 

Supports large nephrology unit formation and discoveries in cystinosis 

Develops large dialysis and transplant efforts; metabolic renal disease and renal phosphate handling 

Renal transplantation and dialysis; cystinosis; directs large Paris unit 

Role of nutrition in renal disease; develops large dialysis and transplant unit, first co-editor of 
Pediatric Nephrology 

Studies in IgA nephropathy and other glomerular diseases. 

Studies on calcium disorders 

Development of Italian pediatric nephrology - end-stage renal disease care. Developmental 
nephrology 

Described many pediatric nephrologic syndromes 

Pathophysiology of glomerulonephropathies with pathologic correlates 

Studies of neonatal renal function 

Preeminent renal pathologist whose classification of glomerular diseases is widely accepted 

Descriptions of congenital nephrotic syndrome of Finnish type 

Described Henoch-Schoenlein purpura 

Studies of childhood renal diseases including disorders of calcium metabolism 

Metabolic and genetic studies in renal disease 

Neonatal urinary excretion patterns 

Studies of renal tubular acidosis 

Author of first textbook on pediatric nephrology, organizer of Paris School of Pediatric Nephrology; 
described many renal syndromes 

Organizer of largest German unit and studies in hypertension, dialysis, transplantation 
and body composition 

A founder of Dutch pediatric nephrology involved in international pediatric nephrology 
trials and founding of ESPN 

Clinicopathologic studies of glomerular disease 

Important figure in development of pediatric urology 

Studies of urinary tract infections 


and B-cell interactions. Additional areas of focus were 
developmental renal physiology, including studies of 
glomerular filtration rate, acid-base physiology and 
handling of drugs, and fluid overload in glomerulo- 
nephritis. 

All modern programs in the US, Canada, and Europe 
became involved in the use of renal biopsy techniques, 
dialysis and transplantation. Pediatric nephrologists 
conducted clinical research studies in uremic children 
with growth failure,!> bone disease, acidosis, malnutri- 
tion, neurological impairment, depression, and hyper- 
tension. Recognition of the impact of chronic renal 
failure on growth was recognized by Lucas in 1883,!8 
and has emerged as a dominant theme. Numerous 
groups worldwide have made important contributions 
to growth studies (see Box 2-1). 

A remarkable and important legislation, Federal Act, 
Public Law 92-603, enacted in 1972, provided that 
Medicare would cover the cost and medical care for 
dialysis and transplantation for individuals, including 
children, with end-stage renal disease. This act 
expanded adult dialysis services and led to the develop- 
ment of chronic pediatric dialysis services and pediatric 
transplantation.*!° The importance of Public Law 92-603 


is that it provides renal replacement care for “that stage 
of renal impairment that cannot be favorably influenced 
by conservative management alone and requires dialysis 
and/or kidney transplantation to maintain life or health.” 
Because of universal health care coverage in Western 
Europe, the organization of pediatric dialysis and trans- 
plant centers, in general, occurred as part of each 
nation’s health system. 


FOCUSED RESEARCH THEMES 
SINCE 1970 


By the late 1970s research had developed in the 
discipline of pediatric nephrology around several key 
themes. Several renal diseases are mostly found in chil- 
dren and were the subject of extensive inquiry: the 
hemolytic uremic syndrome (HUS), Henoch-Schonlein 
purpura, cystinosis, Lowe syndrome, minimal lesion 
nephrotic syndrome, congenital nephrotic syndrome, 
acute post-infectious glomerulonephritis, and posterior 
urethral valves. Other major areas of research focus have 
included pediatric hypertension, childhood renal osteo- 
dystrophy, cystic diseases of kidneys, renal dysplasia, 
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hypoplasia, and agenesis, and renal venous thrombosis in 
neonates. These disorders have received attention and 
important advances have occurred. For example, the 
role of Shigella-like toxins produced by Escherichia coli 
O157:H7 and other EF. coli strains in terms of the etiology 
and pathogenesis of HUS is now recognized. The role of 
renal parenchymal atrophy in the failure of the synthesis 
of 1,25(OH)2 vitamin D has been established. Pediatric 
nephrology, in collaboration with pediatric urology, is 
involved in research on infections of the lower urinary 
tract, renal parenchyma, obstruction, and vesicoureteric 
reflux. The emphasis on fetal renal physiology“ has 
demonstrated the precursors of renal vascular formation, 
tubular development, renal hormone secretion, and 
developmental genes. 

The American Board of Pediatrics offered the first 
certification examination in the sub-board of pediatric 
nephrology in 1974. The American Academy of Pediatrics 
developed an active section in pediatric nephrology and 
senior pediatric nephrologists who have made major 
contributions to the field are awarded the annual Henry 
Barnett award. 

Because NIH study sections have little pediatric expert- 
ise, it became necessary for the ASPN to lobby inten- 
sively for more pediatric nephrology representation and 
to emphasize areas of important research. This same 
spirit has permitted the development of several multi- 
center networks aimed at enhancing research activities 
and improving the quality of patient care through 
prospective studies. This multicenter approach is impor- 
tant for conducting valuable research and defining best 
practices. Among these are regional groups (Southwestern 
Pediatric Nephrology Study Group, the New York- 
New Jersey Pediatric Nephrology Group) and national 
groups North American Pediatric Renal Transplantation 
Cooperative Study [NAPRTCS]). 

In 1985, a publications sub-committee of IPNA deter- 
mined that a new pediatric nephrology journal should be 
established to serve the pediatric nephrologists of the 
world. This journal became the official publication of 
IPNA, ASPN, ESPN, Japanese Pediatric Nephrology Society, 
Asian Pediatric Nephrology Society, and Association of 
Latin American Nephrology in Pediatrics. Cyril Chantler 
(London) and Alan Robson (New Orleans) were its 
founding editors, and it is now in its eighteenth year and 
receives more than 350 manuscripts annually. 


PEDIATRIC NEPHROLOGY IN A NEW 
CENTURY: 1990 INTO THE 
21ST CENTURY 


The research portfolio of pediatric nephrology is 
expanding as it enters the new century. Numerous groups 
are investigating the development of the renal vascular 


system, the ontogeny of the renin-angiotensin and aldos- 
terone system, the mechanisms of cell recovery from 
hypoxic injury, transcription factors important in apop- 
tosis and renal cell differentiation, and the elucidation of 
gene abnormalities in hereditary renal disorders. A large 
European multinational consortium successfully discov- 
ered mutations in many hereditary renal diseases. The role 
of molecular mechanisms is being examined as a basis 
for glomerular injury, as well as the importance of chronic 
inflammatory cytokine production. Newer modalities of 
anti-rejection therapy permit a one-year renal allograft 
graft survival rate of more than 95%. Pediatric nephrolo- 
gists continue to employ contemporary molecular biologic 
tools, to define familial and genetic factors in renal 
diseases, to explore new technologies to enhance treat- 
ment of renal failure, to reexamine old ‘truths’ in the light 
of new information, and to reassess clinical issues in the 
light of current imaging techniques. Improvements in 
dialysis techniques and an understanding of adequacy 
continue to advance. 

Pediatric nephrology has come a long way from its 
status 50 years ago. At that time, Robert E. Cooke stated 
that “the abysmal ignorance that exists in the field of 
clinical renal disease is illustrated by the deficiencies that 
exist, such as the inability to determine whether or not 
we are dealing with such obvious clinical conditions as 
glomerulonephritis or pyelonephritis, conditions that, as 
medical students, we are taught were clear-cut entities; 
likewise that nephrosis was a definite disease.”’ Technical 
methods such as organ culture, cell signaling, in-situ 
hybridization, transgenic and knockout mouse models, 
positional cloning, gene chips and elucidation of the 
human genome have begun to narrow this gap. 
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Kidney Disease 
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Musculoskeletal 

Skin 
Indications for Referral to a Pediatric Nephrologist or 
Urologist 


Clinical Pearl 


Antenatal ultrasonography detects increasing numbers 
of individuals with pre-symptomatic urogenital 
abnormalities. 


Renal and urological disorders may present with obvi- 
ous clinical symptoms and signs, as part of a systemic 
disease, or are diagnosed during screening of urine or 
blood pressure for well-child visits or other illnesses. Renal 
disease should be excluded in all sick children who have 
no obvious cause for their illness. 


REASONS FOR REFERRING CHILDREN 
WITH SUSPECTED KIDNEY DISEASE FOR 
EVALUATION 


Antenatal Imaging Findings 


Renal disorders may be diagnosed antenatally. 
Polyhydramnios or oligohydramnios can be signs of a 
renal disease (Table 3-1). Oligohydramnios occurs in 4% 
of pregnancies, and polyhydramnios occurs in 1% of preg- 
nancies in the USA. The Potter sequence (oligohydramnios 
sequence) in a neonate consists of combinations of 
sloping forehead, posterior set ears, small compressed 
nose, pulmonary hypoplasia, dislocated hips, flexural 
deformities, and talipes. This deformation sequence 
occurs as a result of bilateral renal adysplasia, autosomal 
recessive polycystic kidney disease (ARPKD) and obstruc- 
tive uropathies. Routine antenatal ultrasonography may 
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Table 3-1 Renal Disorders Associated with 
Alterations in Amniotic Fluid Volume 


Table 3-2 Nephrogenic Diabetes Insipidus may be 


Primary or Secondary 


Oligohydramnios Polyhydramnios 

Adysplasia Partial obstruction 

Hypoplasia Bartter’s syndrome 

Polycystic kidneys Nephrogenic diabetes insipidus 
Obstruction Congenital nephrotic syndrome 
ACE inhibitors 


disclose unilateral hypoplasia and/or dysplasia, obstruc- 
tive uropathy with hydronephrosis and/or pelviectasis, 
unilateral multicystic kidney or polycystic kidneys. 
Pelviectasis suggests a uretero-pelvic junction (UPJ) 
obstruction. However, an antenatal finding of pelviectasis 
is often not confirmed on postnatal examination and even 
when present, the correct treatment is not always obvi- 
ous. First and early second trimester antenatal ultrasound 
(US) may fail to detect posterior urethral valves (PUV). 


Polyuria 

Polyuria results from excessive intake of fluid, absence 
of central release of antidiuretic hormone (ADH), tubu- 
lar insensitivity to ADH, or an osmotic diuresis. Primary 
polydipsia can be distinguished by comparing the urine 
to plasma osmolalities after careful water deprivation 
and ADH challenge. Central and renal causes of excess 
water loss can be distinguished by measuring plasma ADH 
and by the renal concentrating response to administered 
ADH (Table 3-2). Progressive polyuria with polydypsia 
most frequently heralds new-onset insulin-dependent 
diabetes mellitus, but can also occur with renal tubular 
dysfunction. In infants, a defect in the urinary concentrat- 
ing ability is suspected when there is irritability, lethargy, 
failure to thrive, and unexplained dehydration. These 
infants often prefer water to milk feeds. In children there 
may be thirst, excessive fluid ingestion, and nocturnal 
enuresis. Nephrogenic diabetes insipidus may be either 
primary or secondary (see Table 3-2). 


Oliguria and Anuria 


Anuria is the complete cessation of urine flow; olig- 
uria is a reduction of urine volume such that homeo- 
stasis is no longer maintained. Oliguria is defined as a 
decrease in volume below 500 ml/day/1.73 m2. This corre- 
sponds to approximately 1 ml/kg/hour in infants. Oliguria 
and anuria may occur as a result of prerenal factors 
(hypovolemia), intrinsic renal diseases or post-renal cause 
(urinary tract obstruction). An abrupt decrease in urine 
volume with tea- or cola-colored urine suggests acute 
glomerulonephritis. 


Primary Nephrogenic 
Diabetes Insipidus 


Secondary Nephrogenic 
Diabetes Insipidus 


X-linked NDI (VP2 receptor) 
Autosomal recessive NDI 
(Aquaporin 2) 


Fanconi syndromes 

Bartter syndromes 

Electrolyte abnormalities 

Medications (diuretics, lithium) 

Partial urinary tract obstruction 

Chronic tubulointerstitial nephritis 

Nephronophthisis 

Early stages of chronic renal 
insufficiency 

Psychogenic 


Abnormal Urine 


Color 

Normal urine is light yellow when dilute, and dark 
orange-yellow when concentrated. The first morning 
urine is normally the most concentrated, and provides 
useful information about the concentrating capacity of 
the kidneys and protein loss. There are numerous reasons 
for a change in the color of urine (Table 3-3). Tea- or 
cola-colored urine suggests blood of glomerular origin, 
whereas bleeding from the lower urinary tract produces 
bright red urine. Blood in the urine is identified most 
readily on a dipstick, using a peroxidase assay that reacts 
with hemoglobin to turn green; greater than 1+ is consid- 
ered positive. It is important to note that the dipstick 
tests for hemoglobin, not red blood cells (RBC). Because 
any chemical that reacts with peroxidase will produce a 
positive test, all positive dipstick screens of urine should 
be followed by microscopic examination to confirm the 
presence of RBC. Two important causes of a positive 
dipstick with a negative microscopic examination are free 
hemoglobin from hemolysis, and myoglobinuria from 
rhabdomyolysis. Medications and toxins that cause red 
urine are heme-negative. The presence of more than 10 
RBC per high-power field (400x) of urine sediment from 
a centrifuged 10 ml urine sample is abnormal. Changes 
in urine color unique to children are associated with 
dyes (crayon ingestion, candies) and with inborn errors 
of metabolism (black-stained diaper with alkaptonuria, 
blue diaper syndrome). Medications that cause a change 
in urine color include rifampacin (orange) and pyridium 
(bright yellow). 


Odor 

A change in the urine odor, the uriniferous smell, is asso- 
ciated with concentrated urine and with the ingestion of 
certain foods (fish, asparagus). Cloudy offensive, malodor- 
ous urine suggests urinary tract infection, especially if 
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Table 3-3 Urine Color 


Dark Brown or Black 


Blood 
Homogentisic acid 
(Alcaptonuria) 


Abnormally Colored 


Food coloring 
Azathioprine 
Phenothiazines 


Dark Yellow Red/Orange 
Concentrated Porphyrins 
Bile pigments Beets 
Blackberries Rifampin 
Red food coloring Melanin 
Phenolphthalein Tyrosinosis 
Hemoglobinuria Methemoglobinemia 
Homogentisic acid 

Melanin 

Nitrofurantoin 

Salicylates 


Metronidazole 
Deferoxamine 
Urates 
Chloroquine 
Pyridium 
Myoglobinuria 
Methyldopa 
Porphyrin 
Sulfa 

Iron sorbitol 


Colored marking pens 


Serratia marcescens 
Urinary infection 


associated with fever, frequency, urgency, lower abdom- 
inal or flank pain. Urine microscopy and culture are 
required to confirm a diagnosis of a urinary tract infec- 
tion (UTD. A sweet urine odor occurs in maple syrup 
urine disease, whereas an odor of sweaty feet occurs in 
isovaleric acidemia. 


Incontinence 

Children are usually continent by 3 years of age, but 
15% continue to have nocturnal enuresis at 5 years. 
Primary nocturnal enuresis is a nuisance but is usually 
benign. Persistence of daytime wetting is frequently a 
behavioral problem, or it may be a symptom of renal or 
urological disease. Secondary enuresis in a previously dry 
child must be evaluated for an organic or psychological 
problem. Daytime (diurnal) incontinence merits careful 
evaluation of the urinary system. This may be associated 
with an ectopic ureter below the bladder neck that 
results in daytime dribbling. More often, it is the result of 
bladder dysynergia with unstable bladder contractions, 
urgency, squatting, and urinary leak. 


Poor Urinary Stream 

It is important to ask about and to observe the urinary 
stream, especially in boys, with a suspected urinary tract 
abnormality. Causes of a poor urinary stream are a neuro- 
genic bladder and posterior urethral valves. 


Clinical Pearl 


The mother of her first boy may not know how normal 
boys urinate. 


Frequency, Dysuria, and Urgency 

Changes in the voiding pattern or pain with urination 
is most frequently due to abnormalities of the bladder, 
urethra, and perineum. Children void four to eight times 
per day. Frequency of urination may be associated with 
small or large urinary volumes (polyuria). Dysuria, hesi- 
tancy, dribbling, or urgency often accompanies urinary 
frequency with small volumes. Causes of frequency with 
small volumes are reduced bladder capacity, bladder irri- 
tability (cystitis), dysfunctional voiding, hypercalciuria, 
caffeine, and behavioral problems. Frequency with dysuria 
is usually caused by urinary tract infections or urethritis. 
Vulvovaginitis in girls and balanitis in boys may present 
with dysuria. 


Renal Calculi 


Passage of a stone is associated with flank pain (renal 
colic) that may radiate to the groin. Frequently this is 
accompanied by hematuria and sometimes by a UTI. 


Edema 


Edema in children with renal disease occurs in the 
nephrotic syndrome, acute nephritis, and acute and 
chronic renal failure. 


Clinical Pearl 


Do not ascribe puffy eyes to an allergy before testing 
the urine for albumin! 
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Box 3-1 Causes of Generalized Edema 


e Nephrotic syndrome 

¢ Protein energy malnutrition (kwashiorkor) 
e Protein-losing enteropathy (PLE) 

e Cardiac failure 

e Liver disease 

e Generalized allergic reaction 


In the nephrotic syndrome, puffiness is most evident 
around the eyes and face in the morning, is gravitational, 
and spreads to the lower part of the body later in the 
day. Ascites, sacral edema and pleural effusions also occur. 
The edema in nephrotic syndrome is primarily due to 
hypoalbuminemia, whereas in acute nephritis it is second- 
ary to fluid retention. Other causes of generalized edema 
are listed in Box 3-1. 


Dehydration 


An inability to conserve water because of renal 
disease may result in dehydration despite relatively small 
losses of fluid by vomiting or diarrhea. Febrile children 
who have difficulty feeding develop hypernatremia. Thirst, 
dizziness, and postural hypotension are important clues. 
Infants with chronic salt loss caused by obstructive uropa- 
thy, dysplastic kidneys or Bartter syndrome can become 
rapidly dehydrated due to their inability to concentrate 
the urine. These children often have a history of salt 
craving. 

Patients with a renal disease, especially if it is insidi- 
ous, may have no obvious symptoms and a problem may 
only be identified at a well-child visit or when the child 
is seen for unrelated problems. Combinations of abnor- 
mal finding are high blood pressure, abnormal urinary 
sediment, or abnormal blood chemistries. The frequency 
of serendipitous findings of renal disease has led to propos- 
als for population screening. This is a complex problem 
with no easy answers. We recommend routine blood 
pressure (BP) measurements and testing of urine at least 
twice a year for infants and children. Currently the 
American Academy of Pediatrics recommends checking 
BP starting at 3 years of age; urine screening is done 
prior to starting school. 


Evaluation, Screening, and Other 
Indications 


Routine Neonatal Examination 

It is important to look for dysmorphisms on routine 
examination of a neonate (Table 3-4). There is an increased 
incidence of renal abnormalities in association with other 


congenital defects, especially those of the cardiovascular, 
gastrointestinal tracts and external genitalia. The prune 
belly syndrome is associated with absent anterior abdom- 
inal wall muscles, cryptorchidism, and urethral stenosis 
that result in hydroureteronephrosis. In the VATER asso- 
ciation of anomalies, renal abnormalities include adys- 
plasia and obstructive uropathy. Abnormalities of the 
ureters including duplication and ectopic ureter may 
occur with perineal hypospadias. Neurogenic bladder 
occurs with hydrocephalus, spina bifida, tethered cord 
and caudal regression. Preauricular pits may be familial, 
are more common in females and Blacks, and are not an 
indication for renal ultrasound when they are an isolated 
finding. 


Screening for Bacteriuria 

Screening for bacteriuria has been advocated because 
about 5% of children have at least one episode of UTI, 
and because UTI may be associated with vesicoureteric 
reflux and subsequent renal scarring. However, the treat- 
ment of asymptomatic bacteriuria in children is not estab- 
lished. Identification of mild abnormalities of the urinary 
sediment in otherwise well children requires rechecking 
of the urine on at least two more occasions. Those with 
persistent hematuria or proteinuria should be referred 
for further evaluation. 


Screening for Hypertension 

Most children with hypertension are asymptomatic, 
but symptoms may include headaches or seizures. Most 
are detected at routine child visits, physical sports exam- 
inations or through school screening programs. 


Family Studies 

It is important to obtain a careful family history of 
renal disease, hypertension, hematuria, proteinuria, deaf- 
ness, renal calculi, urinary tract infection, cerebrovascular 


Table 3-4 Examples of the Interplay of Renal 


Diseases and the Rest of the Body 


Renal disorders may be 
part of other conditions 


Renal adysplasia in the 
branchio-otorenal syndrome 
Cystic kidneys in tuberous 
sclerosis 
Glomerulonephritis in 
vasculitides 
Glomerulonephritis in 
bacterial endocarditis, hepatitis 
Renal osteodystrophy 
Congestive heart failure 
Peripheral neuropathy 


Renal disorders may be a 
complication of other 
conditions 


Other systems may be 
affected by the 
complications of 
chronic renal failure 


accident, systemic lupus, and history of dialysis or renal 
transplantation. 


Biochemical Evaluations 

The kidney plays a central role in homeostasis. 
Therefore, laboratory evidence of renal dysfunction may 
be found by chance, especially when managing children 
with multi-system disorders. 


Clinical Pearl 


Elevated blood urea nitrogen (BUN) but normal serum 
creatinine is rarely indicative of a renal disease. 


Non-Specific Symptoms that may 
Indicate Kidney Disease 


Occasionally, children are found to have renal insuffi- 
ciency when blood tests are performed for non-specific 
symptoms such as fatigue or malaise. Chronic renal fail- 
ure may cause failure to thrive, lethargy, malaise, vomit- 
ing, loss of appetite, and failure in school. Some children 
present with bone pains and others with overt evidence 
of rickets. 


Malaise and Fatigue 

Chronic renal failure may present with a feeling of 
general ill health with malaise, fatigue and lethargy, and 
an increased need for sleep. The child may be unable to 
concentrate at school, and their grades may decline. 
Anemia contributes to this picture, and occasionally the 
patient presents to a hematologist for evaluation of pallor. 


Failure to Thrive 

Children with chronic renal failure and those with renal 
tubular disorders may fail to grow normally. The reasons 
for reduced growth are numerous, interact in complex 
ways, and include metabolic acidosis, renal osteodystro- 
phy, abnormal growth hormone action, anemia, malnu- 
trition, chronic salt and water losses, and treatment with 
corticosteroids. Initial evaluation of a child with failure 
to thrive (FTT) should include evaluation of the serum 
electrolytes, BUN, and serum creatinine. Typically, chil- 
dren with renal tubular acidosis begin to fail to thrive 
from age 6 to 9 months. Children whose heights decrease 
and cross percentiles, but who otherwise seem normal, 
should be evaluated with measurement of serum elec- 
trolytes, BUN, and serum creatinine. In a small child with 
poor muscle mass, the serum creatinine concentration 
may not reflect the true severity of renal insufficiency. 
When blood is drawn for electrolytes care must be taken 
to obtain a free-flowing blood sample and to process it 
immediately in order to prevent any spurious diagnosis 
of metabolic acidosis or hyperkalemia. 
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HISTORY 


We cannot over-emphasize the importance of taking a 
careful history. The history is the key to making a correct 
diagnosis in over 80% of patients. A careful history enables 
one to focus on the physical examination and laboratory 
investigation. A history must be taken of the presenting 
symptom(s) (the main complaint) and should include 
a detailed enquiry about hematuria, dysuria, frequency, 
burning on micturition, nocturia, daytime wetting, 
urgency, voiding patterns, and enuresis. Details must be 
obtained of when and how the disorder began. It is 
useful to tabulate the chronological sequence of events 
as this often establishes a logical progression. 


Family History 

Important clues to the diagnosis are frequently 
revealed with detailed questioning about the family, as 
genetic factors are relevant to many renal diseases. A 
history of deafness and renal failure in immediate rela- 
tives suggests Alport syndrome (Box 3-2). Stroke and 
renal failure in succeeding generations is consistent with 
an autosomal dominant inheritance and suggests auto- 
somal dominant polycystic kidney disease (ADPKD). 
Autosomal recessive conditions may occur more often 
in consanguineous unions. A family pedigree should be 
constructed and siblings, parents, grandparents and other 
relevant members should be included. This establishes 
the patient within the context of the family and helps to 
indicate the pattern of inheritance of genetic conditions. 
Specific direct questions should be asked about a family 
history of renal calculus, deafness and dialysis or renal 
transplant as this information is not always volunteered 
during open-ended questioning. 


Pregnancy and Birth History 


Neonates who are more likely to develop hyperten- 
sion are those with reduced nephron mass as a result of 


Box 3-2 Deafness and Renal Disorders 


Alport syndromes 

Fechtner (Epstein) syndrome 

Autosomal recessive renal tubular acidosis 

Bartter syndrome 

X-linked hypophosphatemic rickets 
Branchio-otorenal syndrome 

Townes-Brocks syndrome 

10p-syndrome (HHR or bypoparathyroidism, bearing 
loss, vesicoureteric reflux) 
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in utero growth retardation GUGR), and those with an 
umbilical artery catheterization complicated by renal 
artery thrombosis. Maternal smoking, alcohol and drug 
use are associated with IUGR. Women who abuse 
alcohol while pregnant may deliver a child with fetal 
alcohol syndrome (FAS) that may be associated with 
renal hypoplasia. A history of a difficult delivery, mater- 
nal diabetes, or macroscopic hematuria suggests renal 
venous thrombosis; this can result in a small, scarred 
kidney and hypertension. Congenital nephrotic syndrome 
and maternal syphilis are causes of placentamegaly defined 
as a placenta that weighs more than 25% of the child’s 
birth weight. Many medications may cross the placenta 
and damage the developing fetus. Angiotensin-converting 
enzyme (ACE) inhibitors, non-steroidal anti-inflammatory 
drugs (NSAIDs), and cocaine can affect fetal kidney 
development. The kidneys of neonates with severe peri- 
natal hypoxia and acute respiratory failure (ARF) usually 
recover fully. A history of a single umbilical artery could 
indicate the presence of renal malformations such as 
renal dysplasia; however, most malformations are minor 
in nature and hence radiologic studies are not warranted 
in asymptomatic newborns with an isolated single 
umbilical artery. 


Nutritional History 


A careful dietary and feeding history must be taken. 
This should start with the neonatal period with inquiries 
about breast or bottle-feeding, and then progress to subse- 
quent dietary preferences or difficulties. These include 
episodes of thirst, anorexia, vomiting and food prefer- 
ences. Children with chronic renal failure secondary to 
obstructive uropathy, nephronophthisis and renal tubu- 
lar causes of sodium wasting often have a preference for 
salty foods. In older children the dietary history should 
be taken together with an exercise history. Formal dietary 
assessment by a nutritionist skilled in the care of chil- 
dren is required in children with FTT or chronic renal 
failure. 


Medications and Drugs 


The history must include inquiries about use of 
prescription and over-the-counter medications such as 
NSAIDs. Teenagers should be asked whether they use 
recreational drugs, tobacco, and alcohol. 


Review of Systems 


Renal disorders may be part of, or a complication of, 
other conditions. So, because all systems may be affected 
by the complications of renal disorders, a careful enquiry 
must include the elicitation of symptoms from all of the 
major organ systems. 


Psychosocial History 


A social history includes the parents’ ages, marital 
status, occupations and the child’s position in the family, 
level and participation in school and sport, and whether 
or not he or she has friends. Answers to these questions 
help to understand relationships within the family and 
in society. It is often difficult to obtain and maintain 
medical insurance care for children with renal disorders, 
especially in low-income families, in families who do not 
have plans at work, and in those whose adolescent chil- 
dren earn below the minimum wage. Of greater impor- 
tance is the effect that chronic illness has on the family. 
Even when adequate emotional and financial coping 
mechanisms are available, taking care of a child with a 
chronic renal illness is challenging. The support and 
involvement of a skilled social worker and psychologist 
play a crucial part in the care of these children (see 
Chapters 7, 8, and 9). 


EXAMINATION 


General Assessment 


The general examination should begin while the 
patient and family are entering the consulting room. 
Much can be learned about the patient from initial obser- 
vations prior to a formal introduction. For example, 
family dynamics and the patient’s level of comfort with 
the visit are often immediately apparent. A rapid prelim- 
inary assessment should include the acuity of the illness, 
whether there is compromise of the circulatory or respi- 
ratory systems, whether the child is in pain, the level of 
consciousness and the child’s mood. 

Height and weight must be measured. In children it is 
preferable to use a stadiometer to measure height, and a 
digital scale that is accurate to 0.1 kg to measure weight. 
In children aged less than 1 year, length should be mea- 
sured and the weighing scale must be accurate to 0.01 kg. 
Head circumference should be measured in children 
aged less than 3 years. The physical data should then be 
plotted on age- and sex-appropriate growth charts. These 
measurements give valuable information about the child’s 
growth, state of nutrition and change in growth over time. 
These measurements have proved invaluable in helping 
with optimization of nutrition in infants with chronic 
renal failure. Additional features suggesting established 
chronic renal failure include pallor, a sallow skin color 
and skeletal deformity. 

Hydration is assessed by initial consideration of total 
body water, and then by considering the intracellular 
fluid ACF) and extracellular fluid (ECF) compartments. 
Clues to changes in total body water can be assessed 
from recent reviews of weight alteration. In situations 


Somatic Region 


Deafness 
Preauricular pits 
Eye colobomata 
Retinitis pigmentosa 


Characteristic facies 


Short neck 

Skin café-au-lait spots 
Hypopigmented spots 
Dysplasia of nails 
Chest: widely spaced nipples 
Webbed neck 

Low hairline 
Musculoskeletal 
Postaxial polydactyly 
Patellae - absent/small 
Short stature 


Syndrome 


Alport syndrome 
Branchiomotor renal (BOR) 


Juvenile nephronophthisis 


Alagille syndrome 

Trisomy 21 

Klippel-Feil syndrome 
Neurofibromatosis 
Tuberous sclerosis 
Nail-patella syndrome 
Turner syndrome 

Turner, Noonan syndromes 
Klippel-Feil syndrome 


{ssi syndrome 


Bardet-Biedel syndrome 
Nail-patella syndrome 
Numerous conditions 
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Table 3-5 Findings Frequently Associated with Structural and Biochemical Renal Disease 


Renal Abnormality 


Abnormal GBM 
Hypoplasia/Dysplasia 


Medullary cystic disease 


Renal artery stenosis 
Adysplasia 

Dysplasia 

Adysplasia 

Renal artery stenosis 
Angiomyolioma, polycystic 
Nephrotic syndrome 
Horseshoe kidney 

Ectopia, adysplasia 
Adysplasia 


Cystic dysplasia 
Nephrotic syndrome 


GBM = glomerular basement membrane. 


where there is loss of water with normal serum sodium, 
mild dehydration is present with loss of 5% body weight, 
and severe dehydration with a loss of 15%. Changes in ICF 
occur with water gain or loss and are reflected in the 
serum by hyponatremia and hypernatremia, respectively. 
These changes affect mainly the brain because of its fixed 
volume, and either seizures (hyponatremia) or cerebral 
vein thrombosis (hypernatremia) may occur. The ECF is 
composed of the intravascular fluid (VF) and interstitial 
fluid GF) compartments. Expansion of the IF - for example 
in association with nephrotic syndrome (NS) - results in 
edema, and contraction decreases skin turgor. Expansion 
of the IVF volume is reflected clinically by hypertension, 
pulmonary congestion, elevated jugular venous pressure, 
hepatomegaly, and perhaps some pedal edema, whilst 
contraction (hypovolemia) is associated with hypotension. 
Occult hypovolemia can be diagnosed by looking for 
orthostatic changes in the blood pressure and pulse rate. 


Physical Clues 

Many physical changes are associated with structural 
and biochemical renal disease. Some of the more frequent 
associations are listed in Table 3-5. Preauricular pits or 
tags are associated with renal malformations if they occur 
with other malformations/dysmorphisms, a family history 
of deafness, auricular and/or renal malformations, or a 
maternal history of diabetes. 


Head and Neck: Hair, Ears, Eyes, Nose, 

Mouth, and Neck 

Inspection of the head and neck may reveal a low 
hairline, microcephalus, ear tags, and other dysmorphic 


features associated with renal disease (see Table 3-5). 
Deafness can occur in several syndromes (see Box 3-2). 
An eye examination (Table 3-6) may show coloboma, 
cataracts, retinitis pigmentosa, perimacular white specks, 
and the changes associated with hypertension. 

Photophobia in a patient with renal dysfunction, 
FTT, and/or rickets, occurs in cystinosis. This can be 
confirmed by a slit lamp examination. Leisch nodules of 
the iris are present in neurofibromatosis. Treatment of 
secondary hyperparathyroidism may be complicated by 
hypercalcemia that may cause red eyes with episcleral 
calcification. Saddle nose deformity with nasal septal 
ulcers occur in Wegener’s granulomatosis and systemic 
lupus erythematosus (SLE). Children with chronic renal 
failure often have an increased incidence of caries and 
tooth discoloration. 


Cardio-Respiratory 
The pulse must be assessed for rate, rhythm, and 
volume. Radio-femoral delay, weak femoral pulses and 


Table 3-6 Eye Findings in Association with Renal 


Disorders 


Coloboma Tuberous sclerosis, Alport syndrome, 
Oculohepatoencephalo-renal syndrome, 
Lenz microphthalmia syndrome 
Cataracts Fabry’s disease, Lowe syndrome 
Retinitis pigmentosa Bardet-Biedl syndrome 
Senior-Loken syndrome 
Leisch nodules Neurofibromatosis 
Retinal phacomas Tuberous sclerosis 
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reduced blood pressure in the lower limbs occur with 
coarctation of the aorta. When a vasculitis is suspected, 
the major vessels including the common carotid, verte- 
bral, abdominal aorta, renal and femoral arteries must 
be auscultated for bruits and accessible vessels must 
be palpated for blood flow. Measurement of blood pres- 
sure is described in detail (see Chapter 15). Systemic 
hypertension, volume overload, pericardial effusion, and 
congenital heart disease can cause cardiomegaly. A gallop 
rhythm may occur in cardiac failure caused by volume 
overload, longstanding hypertension or congenital heart 
disease. The most frequent among the numerous causes 
of a heart murmur is the hyperdynamic state caused by 
the anemia of chronic renal failure. Pericardial rubs and 
effusions occur in uremia, but are rarely found in chil- 
dren because of early use of renal replacement therapy. 
However, pericardial rubs can occur in SLE and in infec- 
tious pericarditis. The respiratory rate, tachypnea and 
dyspnea as well as examination for cyanosis and club- 
bing, are important. The chest must be examined care- 
fully to detect evidence of consolidation, pleural effusion, 
or pulmonary edema. 


Abdomen and External Genitalia 

The abdomen must be inspected to detect umbilical 
vessels, omphalocele (Beckwith-Wiedemann syndrome), 
umbilical hernia, absent abdominal muscles (prune belly 
syndrome), dilated veins (congenital hepatic fibrosis 
with portal hypertension in ARPKD), and flank masses. 
In children, flank masses are usually of renal origin, may 
be unilateral or bilateral and include multicystic kidney 
disease, hydronephrosis, ARPKD, and Wilms’ tumor and 
(Table 3-7). The differential diagnosis of nephromegaly is 
shown in Box 3-3. 

A palpable bladder and weak urinary stream are sugges- 
tive of posterior urethral valves, not only in a newborn 
boy but also in older males. There is a weak association 
between perineal hypospadias and urogenital malforma- 
tions. Perineal hypospadias and cryptorchidism give the 
appearance of ambiguous genitalia. Nephrotic syndrome 
together with ambiguous genitalia occur in Denys-Drash 
syndrome. Undescended testes also occur in prune belly 
syndrome (Eagle-Barret syndrome). There are many 


Table 3-7 Incidence of Flank Masses by Age 


Distribution 


Age Hydronephrosis Cystic Tumors Other 
(%) (%) (%) (%) 
Newborn 50 38 12 
Less than 40 40 20 
1 year 


Over 1 year 70 30 


Box 3-3 Differential Diagnosis of 


Nephromegaly 


Multicystic kidney disease 

Hydronephrosis 

Autosomal recessive polycystic kidney disease 
Autosomal dominant polycystic kidney disease 
¢ Wilms’ tumor 

e Renal venous thrombosis 

e Acute pyelonephritis 

e Lymphoma, leukemia 

e Glycogen storage disease 

e Tyrosinemia 

e Beckwith-Wiedemann syndrome 

e Perlman syndrome 

e Amyloidosis 

e Sarcoidosis 

e Sickle cell anemia 


syndromes and conditions in which hepatosplenomegaly 
is associated with renal disorders (Table 3-8). Imperforate 
anus occurs in the VATER association. 


Neurological 

The nervous system is usually grossly intact in children 
with urogenital disorders. Patients with systemic disor- 
ders, hypertension, uremia, hemolytic uremic syndromes, 
neuropathic bladder and patients in intensive care require 
careful neurological examinations. Focal deficits may be 
present with hypertension and systemic vascular disor- 
ders. Severe hypertension may cause facial nerve palsy, 
seizures, and hemorrhagic stroke. When a neuropathic 
bladder is suspected, the peripheral nervous system of 
the lower body must be examined carefully. Patients 
with microcephaly, mental abnormalities and nephrotic 
syndrome have the Galloway-Mowat syndrome. 


Musculoskeletal 

Muscle wasting occurs with advanced chronic renal 
failure. Muscle weakness occurs in rickets, hypokalemia, 
systemic lupus, and as a complication of corticosteroids. 
Mitochondrial disorders may be complicated by muscle 
weakness and renal tubular acidosis. Renal osteodystro- 
phy, renal Fanconi syndrome, and renal tubular acidosis 


Table 3-8 Liver-Kidney Associations 


Congenital hepatic Autosomal recessive polycystic 


fibrosis kidneys 
Nephronophthisis 
Jeune asphyxiating thoracodystrophy 
Biedl-Bardet syndrome 
Cholestasis Alagille syndrome 


Table 3-9 Examples of Syndromes with Renal and Skeletal Anomalies 


Syndrome 


Acrorenal syndromes 


Bardet-Beidel syndrome 
Caudal regression syndrome 


Ellis van Creveld syndrome 
Cornelia de Lange syndrome 
Meckel-Gruber syndrome 
Nail-patella syndrome 
Schimke’s syndrome 

VATER association 
Townes-Brocks syndrome 
Fanconi anemia syndrome 
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Renal Anomaly 


Agenesis, dysplasia, 
hydronephrosis 

Dysplasia, hydronephrosis, VUR 

Agenesis, horseshoe kidney, 
VUR, hypoplasia, 
hydronephrosis 

Dysplasia, hydronephrosis 

Agenesis, hypoplasia, dysplasia 

Dysplasia 

Nephrotic syndrome 

Nephrotic syndrome 

Agenesis, horseshoe kidney, dysplasia 

Agenesis, dysplasia 

Agenesis, horseshoe kidney, 
hypoplasia, hydronephrosis 


Skeletal Anomaly 


Acrodactyly, oligodactyly, 
hemivertebrae 

Polysyndactyly 

Vertebral defects 


Polydactyly 

Small hands and feet 
Polydactyly 

Absent patellae, iliac spurs 
Spondyloephiphyseal dysplasia 
Vertebral anomalies 
Triphalangeal thumb 

Radial ray dysplasia 


VUR = vesicoureteral reflux. 


often present with clinical features of rickets (see 
Chapter 16). Congenital hip dislocation and limb defor- 
mations occur in newborns as complications of oligo- 
hydramnios. Slipped capital femoral epiphysis (SCFE) 
occurs more frequently than expected in chronic renal 
failure and after renal transplantation. Avascular necro- 
sis of the femoral head is a complication of prolonged 
corticosteroid therapy, especially in children with 
systemic lupus. Deformities of the spine occur in 
spina bifida and VATER. Infants of diabetic mothers may 
have variable components of caudal regression that 
include sacral agenesis (Table 3-9). Hemihypertrophy 
occurs in the Beckwith-Wiedemann syndrome, and 
these children may have renal ectopia and are a risk of 
Wilms’ tumor. 


Skin 

The skin and nails often give clues to an underlying 
systemic disorder. Skin manifestations of SLE are photo- 
sensitivity, malar rash, and discoid rash. In Henoch- 
Schonlein purpura the rash is a palpable purpura, mainly 
on the lower extremities and buttocks. Café-au-lait spots 
are found in neurofibromatosis. Skin manifestations 
of tuberous sclerosis are hypopigmented macules, 
adenoma sebaceum, periungual fibromas, shagreen 
patches. Dystrophic nails with absent lunulae and small 
or absent patellae are seen in the nail-patella syndrome. 
In patients with recurrent episodes of nephrotic syndrome 
nails may be pale with transverse lines (Beau’s lines). 


Longitudinal lines of the nails are seen in homocystinuria. 
Blue lunulae may indicate Wilson’s disease or agyria. 


INDICATIONS FOR REFERRAL TO 
A PEDIATRIC NEPHROLOGIST OR 
UROLOGIST 


Children with hypertension (not related to coarcta- 
tion of the aorta), hematuria, proteinuria or symptoms 
and/or signs of glomerulonephritis are referred to a 
nephrologist. Children who have a diagnosis of acute 
post-streptococcal glomerulonephritis should be referred 
if they have hypertension, or have increased serum crea- 
tinine or potassium concentrations. All children with 
chronic glomerular disease require nephrologic evalua- 
tion. Children with renal manifestations of a systemic 
disease also need a nephrologic evaluation. Parents may 
also request a referral to the nephrologist for reassur- 
ance, especially if there is a history of renal problems in 
the family. 

Children with abnormal anatomy of the genitourinary 
tract, such as obstruction, tumors, non-glomerular gross 
hematuria, or obstructing renal calculi are referred to a 
pediatric urologist. 

Some children are best managed together by a 
nephrologist and a urologist. These include children 
with renal calculi, reflux/urinary tract infections, and 
obstructive uropathy with compromised renal function. 
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Investigational Techniques 


IMAGING MODALITIES 


A variety of imaging modalities can be utilized in the 
evaluation of the pediatric urinary tract. The appropriate 
choice of imaging depends largely on the nature of the 
clinical question to be answered. 


Pediatric Uroimaging 


JOHN CONERY, M.D. AND 
RICHARD BELLAH, M.D. 


Ultrasound 


Ultrasound (US) continues to be the mainstay of 
pediatric imaging for many conditions that require a 
morphologic assessment of the urinary tract. Availability, 
real-time imaging, lack of ionizing radiation, low cost, 
and excellent spatial/contrast resolution are advantages 
that US possesses. The most common indications for US 
of the pediatric urinary tract include: evaluation of the 
prenatal/neonatal hydronephrosis, identification and 
characterization of renal masses, initial assessment of the 
urinary tract for hematuria or hypertension, stone 
disease, and conditions that predispose a child to urinary 
tract infection (UTD.!° 


Technique 

The standard US examination of the pediatric urinary 
tract includes views of both kidneys in terms of size, 
echotexture, and dilation. In the term infant, the average 
renal length is 4-5 cm; the kidneys grow, on average, 
approximately 3 mm per year to achieve a length of 
approximately 12 cm by young adulthood. Terms such 
as echogenic, hyperechoic, hypoechoic, and anechoic 
are commonly used when describing the appearance of 
the kidneys on US examinations; these are terms that 
describe the appearance of the renal cortex relative to 
adjacent structures, most often the liver. The pyramids - 
which are particularly prominent in newborns and 
infants - are normally of lower echogenicity (hypo- 
echoic) compared to the adjacent renal cortex. The 
sonographic depiction of echogenic cortex relative to 
hypoechoic pyramids is referred to as corticomedullary 
differentiation. Normal corticomedullary differentiation 
is important because absence of this feature, although 
non-specific, may be indicative of underlying renal 
parenchymal disease. Doppler US imaging provides 
additional information to gray-scale US by evaluating 
vascular patency and vascular integrity of the kidneys. 
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Power Doppler US - a Doppler US technique to monitor 
blood flow, independent of flow direction - provides 
the ability to visualize tissue perfusion. The bladder is an 
integral part of every comprehensive renal US examina- 
tion, and it should be examined for volume, wall abnor- 
malities, wall thickness, calculi, distal ureters, and bladder 


emptying. 


Appearance of the Kidneys 

The sonographic appearance of the kidneys is 
dependent on age. In the neonate, the renal cortex is 
relatively more echogenic then that seen in older 
children and adults (Figure 4-la and b). The marked 
cellularity of the neonatal renal cortex, as well as the 
heterogeneity in sizes of the glomeruli, account for the 
myriad of reflections that result in the relative increase 
in renal cortical echogenicity. In the premature infant, 
the cortex may be more echogenic than the adjacent 
liver and spleen. In preterm and healthy full-term infants, 
the cortical echogenicity of the kidney is slightly greater 
than or equal to that of liver and/or spleen. By about 12 
months of age, cortical echogenicity is usually slightly 
less than that of the liver and spleen. 


Voiding Cystourethrography 


Voiding cystourethrography (VCUG) is a radiological 
or nuclear medicine study that provides an imaging 
depiction of bladder contour, compliance, and ability to 
empty. The radiological VCUG also provides the impor- 
tant anatomic depiction of the urethra. The VCUG 
procedure causes significant anxiety in both parents and 
children; careful preparation should, therefore, become 
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an integral part of every VCUG examination. The proce- 
dure involves sterile bladder catheterization, followed by 
instillation of water-soluble contrast. Radiation exposure 
is minimized by intermittent fluoroscopy. Images are 
obtained during bladder filling, as well as during voiding. 
The normal VCUG will usually demonstrate a rounded 
bladder with a smooth contour. Views of the urethra 
may be obtained in either the frontal (girls) or oblique 
(boys) position (Figure 4-2). The bladder capacity can 
also be estimated using this technique. 

Low-dose radiological VCUG provides an excellent 
anatomic depiction of the bladder and urethra, but 
generally at a higher dosage than the radionuclide 
cystogram. Radionuclide cystography (RNC) is a sensi- 
tive method of detecting vesicoureteral reflux CVUR), 
but at the expense of resolution; the anatomic resolution 
is inferior to that of radiological VCUG. Traditionally, 
radiation doses for RNC have been lower than for 
fluoroscopic VCUG, but with the newer digital pulsed 
fluoroscopic units the doses are almost equal.!° 


Technique 

The technique is similar to that used in VCUG, with 
sterile catheterization of the bladder. Saline containing 
Tc-99m pertechnetate is instilled into the bladder. There 
is continuous monitoring using a gamma camera to 
assess for VUR. The bladder is then filled to capacity, 
and the patient voids. Radiological VCUG can also be 
performed in conjunction with measuring intravesical/ 
sphincter pressures (video urodynamics), and contributes 
information about bladder capacity, compliance, voiding 
function, and coordination of bladder/ urethral sphinc- 
ter function.! 


Figure 4-1 
hyperechoic compared to the adjacent liver. (b) Sagittal ultrasound of a normal right kidney in a 4- 
year-old male. The renal parenchyma is hypoechoic compared to the adjacent liver. 


(a) Sagittal ultrasound of a normal right kidney in a 2-day-old male. The kidney is 
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Figure 4-2 An oblique image from a voiding cystourethrogram 
in a 2-year-old male, showing a normal bladder and urethra. 


Objectives of VCUG 

One of the chief aims of VCUG is to identify the pres- 
ence of VUR. RNC is an accepted modality for detecting 
VUR in the female with UTI, or in siblings of children 
with known VUR, whereas in males with UTI the radio- 
logical VCUG is the preferred method because details of 
the urethra are more clearly seen. Either method can be 
used for detection, grading, and follow-up of VUR. In 
pediatric patients with UTI, VCUG is used to evaluate 
whether the bladder empties properly. Conditions that 
affect bladder emptying include high-grade VUR, bladder 
outlet obstruction, and voiding dysfunction. 


Intravenous Autography 


Intravenous autography (IVU) has become a lost art in 
pediatric uroradiologic imaging. IVU provides excellent 
morphologic detail as well as semi-quantitative informa- 
tion about renal function, but has requirements of radia- 
tion and intravenous contrast administration. IVU should 
be performed in well-hydrated patients with normal renal 
function. After intravenous injection of iodinated contrast, 
only a limited number of images should be obtained. The 
morphologic assessment of the pediatric urinary tract 
has been largely replaced by less invasive cross-sectional 
imaging techniques, such as sonography and magnetic 
resonance (MR) urography. Some urologists still prefer 
IVU, however, as a way to integrate vertically the urinary 
tract and to help provide anatomic/functional informa- 
tion prior to or following urinary tract surgery (e.g., for 
hydronephrosis or stone disease). IVU is also occasionally 


used for detection of the ectopic ureter in the female 
pediatric patient with constant wetting. Currently, IVU 
has no role in the evaluation of the child with urinary 
tract infection. 


Computed Tomography 


Computed tomography (CT) provides excellent 
morphologic as well as functional detail about the urinary 
tract. CT usually requires intravenous contrast volume 
similar to IVU, but more radiation than IVU; contrast CT 
should therefore be utilized in selected cases. At the 
expense of radiation, and because of its high sensitivity, 
non-enhanced (non-contrast) CT has emerged as the study 
of choice for the detection of urolithiasis in children 
and adolescents with renal colic, and in patients with diffi- 
cult body habiti, for example with myelodysplasia. CT 
can readily identify urinary tract calculi of practically 
any composition, although small stones and even those 
composed of uric acid may occasionally be overlooked.”° 

Contrast-enhanced CT is the study of choice in the 
setting of trauma if acute renal injury is suspected. CT is 
far more sensitive than sonography in resolving acute 
pyelonephritis, and for determining if intervention is 
indicated for complications such as renal/perirenal 
abscess. CT further characterizes lesions identified by 
other techniques, such as renal cysts or angiomyolipo- 
mas. In evaluating hypertension, CT angiography - which 
requires a large volume of contrast and a rapid injection 
rate - is being used with greater frequency for anatomic 
depiction of renovascular disease (Figure 4-3a and b). 


Magnetic Resonance Imaging 


Magnetic resonance imaging (MRD may be used to 
characterize and stage renal lesions. MR urograpbhy is a 
rapid MR technique that can provide anatomic details of 
the pyelocalyceal system and ureters, without exposing 
the patient to ionizing radiation or intravenous contrast. 
This technique can provide similar anatomic information 
to IVU. However, compared with IVU, spatial resolution 
is relatively poor in MR urography, and subtle abnormal- 
ities may not always be readily visualized. Image quality 
can also be significantly degraded by patient motion 
and/or respiration so that, despite the technique being 
rapid, sedation of the patient may still be required. 
Current indications for MR urography might include 
detection of ureteral ectopia in the female with ‘contin- 
uous wetting, complex duplicated renal collecting 
systems, and preoperative assessment of the pyelo- 
calyceal system and ureteral abnormalities.!! 


Gadolinium-enhanced Functional Renal MR 
This is now being used more frequently in a fashion 
similar to IVU and/or radionuclide renal scintigraphy. 


B 
Figure 4-3 
normal renal arteries. (b) Consecutive axial images from the same patient, showing normal left and 
right renal arteries. 


Studies have shown that MR can also be used for the 
diagnosis for acute pyelonephritis. MRI and MR urogra- 
phy are of limited value, however, in evaluating urolithi- 
asis, aS small calcifications are difficult to visualize on 
MR. As these MR techniques evolve and refine, one 
might speculate that morphologic/functional assessment 
with MR urography could be performed in conjunction 
with MR angiography, and thus the need for multiple 
diagnostic imaging tests would be eliminated.!! 


Renal Angiography 


Renal angiography is still regarded as the ‘gold stan- 
dard’ in many children’s hospitals, and has not yet been 
largely replaced by less invasive modalities, such as 
CT angiography or MR angiography. Furthermore, if 
therapeutic intervention is contemplated, conventional 
angiography is still a preferred diagnostic imaging 
method. In renal artery stenosis, for example, conven- 
tional angiography provides definitive diagnosis, a clear 
roadmap, as well as an opportunity for therapeutic 
angioplasty or stent placement. In many institutions, CT 
or MR angiography can be used as a screening tool in the 
young patient with hypertension, but conventional 
angiography remains the study of choice when renal 
artery stenosis is strongly suspected (.e., abnormal 
screening MR angiogram, or abnormal renal US showing 
renal size disparity in a young patient with hypertension). 
A similar rationale applies for a diagnosis and potential 
treatment of a renal vascular malformation. Definitive or 
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(a) A volume-rendered 3-D reconstructed image from a CT angiogram showing 


preoperative embolization of vascular tumors is also 
possible with conventional angiography. 


Nuclear Medicine Technetium-labeled 
Agents 


These agents are commonly used for pediatric renal 
imaging. Radiation doses are relatively low, and tech- 
netium can be linked to various compounds that evaluate 
urinary system function. Diethylenetriamine-penta-acetic 
acid (DTPA) is cleared by glomerular filtration, and is 
therefore a good determinant of differential renal func- 
tion, renal plasma flow, glomerular filtration, and renal 
clearance. Mercaptoacetyltriglycine (MAG 3) is actively 
excreted by the kidneys, and provides good information 
about collection system clearance. For example, either 
intravenous °?™T'c-DTPA or MAG 3 can be used to evalu- 
ate renal function in a multicystic dysplastic kidney or in 
a renal transplant. 


Diuretic Renography 

Diuretic renography with °°™Tc-MAG 3 or ”™Tc- 
DTPA is commonly utilized to determine whether a 
dilated collecting system or ureter is either obstructive 
or non-obstructive. After intravenous administration of 
the radiotracer, continuous gamma camera monitoring 
documents renal uptake and filling of the collecting 
systems. When the collecting system is filled, furosemide 
is administered intravenously and a tracer washout trac- 
ing is obtained. The half-time clearance of tracer is used 
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to determine if obstruction is present. Baseline absolute 
and relative renal function (split function) can be deter- 
mined. 


Captopril Nuclear Renography 

Captopril nuclear renography is a non-invasive renal 
nuclear study which is used to detect renal artery steno- 
sis in the patient with hypertension. If significant renal 
artery stenosis does exist, glomerular filtration rate 
(GFR) is maintained by constriction of the efferent 
arterioles. The angiotensin-converting enzyme (ACE) 
inhibitor, captopril, prevents this compensatory 
constriction, which results in a decrease in renal func- 
tion after its administration. As the study is performed 
before and after its administration, the decreased func- 
tion seen with captopril suggests renal artery stenosis, 
which can then be confirmed angiographically. 


Radionuclide Cortical Scintigraphy 

Radionuclide cortical scintigraphy (RCS) with °™Tc- 
labeled dimercaptosuccinic acid (DMSA) or IMT Cc. 
labeled glucoheptonate is ideally suited for renal 
morphology evaluation, as these agents are concentrated 
in the cells of the proximal tubules. Indications for RCS 
include acute pyelonephritis, detection of renal scarring 
(in patients with hypertension), and identification of the 
occult/ectopic kidney. Following intravenous adminis- 
tration of the radiopharmaceutical, homogeneous 
uptake is normally seen within the renal cortex. Focal 
areas of tracer defect can be identified in acute 
pyelonephritis or in areas of focal parenchymal thinning 
due to reflux nephropathy. In the female with constant 
wetting and a solitary kidney, DMSA may identify the, 
otherwise, occult malpositioned kidney of which the 
ureter is ectopic. 


URINARY TRACT INFECTION 


Urinary tract infection (UTD is one of the most 
common indications for urinary tract imaging in chil- 
dren. The significance of UTI rests not only on the acute 
morbidity but also on the potential for renal parenchy- 
mal scarring. The main goal of imaging in the work-up of 
UTI is to identify conditions that put the patients at risk 
for the development of pyelonephritis and scarring. In 
the acute setting, imaging can, at times, aid in the diag- 
nosis of acute pyelonephritis, or its complications. 


Imaging Techniques 

The imaging work-up for children with a first UTI has 
long been a source of controversy. Recent studies have 
questioned the impact of imaging on patient management 
and outcomes, and the efficacy of antibiotic prophylaxis 


in VUR. At present, the American Academy of Pediatrics 
recommends a VCUG and US for infants and young chil- 
dren, aged between 2 and 24 months, after a first utr 
These studies identify those patients with anatomic 
abnormalities, such as congenital obstruction and/or 
VUR that can predispose to pyelonephritis through stasis 
and/or ascending infection. In older children, an attempt 
may be made to distinguish upper UTI (pyelonephritis) 
from lower-tract infection (cystitis) on clinical grounds. 
If pyelonephritis is not clinically suspected in an older 
child (aged over 8 years), a normal renal US investigation 
may obviate the need for any further studies.” 


Renal Ultrasound 

Renal ultrasound is used to evaluate the morphology 
of the renal parenchyma and collecting system. The blad- 
der is also included in the standard US examination, as 
abnormal bladder wall thickening can be seen with 
infection or bladder outlet obstruction. Dilatation of the 
pyelocaliceal systems and/or ureters can be secondary to 
obstructive uropathy or high-grade VUR, both of which 
may predispose the child to infection. US is less sensitive 
than contrast-enhanced CT or renal cortical scintigraphy 
in identifying acute renal parenchymal inflammation 
and/or renal scarring. However, in most cases, the diag- 
nosis and treatment for acute pyelonephritis depends on 
clinical and laboratory findings as opposed to renal imag- 
ing. Furthermore, a normal renal US also does not exclude 
the presence of acute pyelonephritis or VUR. 


VCUG, RNC, and RCS 

VCUG and RNC are each utilized to evaluate the 
lower urinary tract for VUR. VUR is graded by severity 
(grades 1-5) (see Chapter 41), which provides the clini- 
cian with some idea of the likelihood of spontaneous 
resolution in cases of primary VUR. The ureteral inser- 
tion site can also be noted, although ureters will not be 
seen if VUR is not present. The bladder can be assessed 
for conditions that predispose to incomplete bladder 
emptying, such as high-grade reflux, bladder diverticula, 
and neurogenic bladder dysfunction. The urethra can be 
assessed for causes of bladder outlet obstruction, such as 
urethral valves or stricture. A ‘spinning-top’ urethra is a 
configuration due to bladder-sphincter dysynergia that 
can occasionally be seen with dysfunctional voiding. 
However, the urethra cannot be as equally or accurately 
assessed with RNC. 

Since acute pyelonephritis is often diagnosed clini- 
cally, imaging studies are usually not recommended in 
the setting of suspected pyelonephritis. Studies, in addi- 
tion to US, may be performed for complications of infec- 
tion that are unresponsive to antibiotic therapy, such as 
renal abscess or persistent obstruction. US findings in 
uncomplicated acute pyelonephritis may be non-specific 
and, in many cases, appear normal. Less commonly, 


these gray-scale US findings may include focal or diffuse 
findings of swelling, as well as focal areas of increased 
and/or decreased echogenicity within the renal cortices. 
Color (power) Doppler US imaging may also show areas 
of decreased flow in areas of acute pyelonephritis.’ If 
complicated infections, such as renal or perirenal 
abscesses form, US can show complex fluid collections 
within the renal parenchyma or extending beyond the 
renal capsule. 

RCS using °°™Tc-labeled DMSA can also be used in 
imaging acute pyelonephritis. Involved areas will appear 
as photopenic defects within the affected parts of the 
kidney. 

Chronic changes of pyelonephritis result in focal or 
diffuse scarring, which can also be evaluated with imag- 
ing studies. In many institutions, because it is non- 
invasive, US remains the most commonly used initial 
modality for the evaluation of the child with recurrent 
infections. The sonographic features of chronic 
pyelonephritis can be manifested as focal areas of corti- 
cal thinning with loss of renal parenchyma. If the infec- 
tion was diffuse, an overall decrease in renal volume can 
be seen. Cortical scintigraphy is still regarded by many as 
the most sensitive method for evaluating scarring from 
chronic pyelonephritis. In some centers, the algorithm 
for prophylaxis of a child with UTI would begin with 
RCS. Regardless of whether reflux would be present, if 
scarring was not demonstrated by RCS, then no addi- 
tional imaging studies (e.g., VCUG) would be considered 
necessary. Although more sensitive than US for detected 
small renal scars, nuclear medicine scintigraphy is now 
routinely used in the evaluation of children with UTI, 
but the detection of small scars by nuclear medicine, not 
seen at US, is of uncertain significance. 


Computed Tomography 

On contrast-enhanced CT, acute pyelonephritis appears 
as a focal area or areas of low attenuation, or as a striated 
nephrogram. The kidneys may be enlarged and surrounded 
by inflammatory stranding within the perinephric fat 
(Figure 4-4). In cases of complicated pyelonephritis, an 
abscess will appear as a hypoattenuating mass with rim 
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enhancement. CT provides excellent anatomic detail of 
the relationship of the abscess of the kidney or its exten- 
sion into surrounding structures. This modality is there- 
fore useful in determining the appropriate interventional 
management. 

Renal obstruction can also result in infection within 
the collecting system of the kidney, without infection of 
the renal parenchyma. To date, the numbers of neonates 
who present with pyonephrosis secondary to congenital 
urinary obstruction have decreased significantly because 
of the increased utilization of fetal US and early detection 
of fetal hydronephrosis. At US, pyonephrosis will appear 
as a dilated collecting system of the kidney and/or ureter 
that contains multiple low-level echoes. US is probably 
more sensitive than the CT for resolving the purulent 
nature of the internal contents of the dilated pyelo- 
calyceal system, ureter and/or bladder. 


Investigational Guidelines 


In 1993, the American College of Radiology devel- 
oped Appropriateness Criteria for the utilization of radi- 
ological procedures (US, VCUG, RCS, RNC, IVU, CT). 
The purpose of these criteria is to provide creditable 
guidelines for radiology decision-making. In the clinical 
setting of pediatric urinary tract infection, at least 16 
clinical variants were included, with appropriateness 
rating for each radiological procedure, as determined by 
the specific clinical scenario. 


HEMATURIA 


Imaging Protocols 


The protocols for imaging the pediatric patient with 
hematuria, no matter whether the condition is micro- 
scopic or gross, seem to vary from clinician to clinician, 
and from institution to institution. The diagnostic work- 
up is tailored to the clinical signs and symptoms, and 
may or may not involve imaging studies. Hematuria may 
originate from hemorrhage within the kidney itself, from 


Figure 4-4 Two images from an 
enhanced CT scan in an 11-year-old 
female with pyelonephritis of the 
right kidney. There are thin linear 
hypodense areas (a ‘striated 
nephrogram’) within the right renal 
parenchyma, as well as inflamma- 
tion in the perinephric fat. 
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anywhere along its vascular supply, or from any point 
along the collecting system.!> In children, common 
causes for hematuria include UTI, urolithiasis, nephro- 
calcinosis, medical renal disease (nephritides), trauma, 
renal venous thrombosis, and renal tumors (both solid 
and cystic) (see Chapter 12). 


Imaging Techniques 


The investigational details relating to UTI have been 
discussed previously. CT and US are the modalities most 
commonly used to detect urolithiasis. At US, a urinary 
tract calculus appears as an echogenic, shadowing struc- 
ture within the renal parenchyma, collecting system, 
ureter, or bladder. Sonography can also be used to assess 
for dilatation of the collecting system or ureters second- 
ary to obstruction. Unlike CT, the identification of 
calculi on US does not depend on the stone’s chemical 
composition, but rather on its density. Stones of certain 
chemical composition, not seen on CT (e.g., uric acid 
stones) may be visualized with US. The identification of 
ureteral calculi can at times be difficult with US because 
of the retroperitoneal location of the ureters.* At CT, 
calculi will more easily be visualized and appear as 
radiopaque foci within the collecting system, ureter(s), 
or bladder (Figure 4-5). 

Pelvicalciectasis and ureterectasis can also be noted. 
Secondary signs of obstruction on CT include increased 
renal size and edema of the perinephric fat - findings 
that may not be quite as apparent on renal US examina- 
tion. Unenhanced helical CT scanning can evaluate for 
both renal and ureteral calculi, or may disclose alter- 
native causes of flank pain. CT is performed without 
contrast so as not to obscure any radiopaque stones. 
Nephrocalcinosis is most commonly caused by hyper- 
calciuria, and results in calcium deposition within the 


Figure 4-5 A single image from an unenhanced CT scan of the 
pelvis in a 15-year-old male with left flank pain. A 3-mm calculus is 
located at the ureterovesicle junction (arrow). Evaluation of the 
upper urinary tract showed no evidence of obstruction. 


renal parenchyma (cortical nephrocalcinosis) or 
medullary pyramids (medullary nephrocalcinosis). 
Urolithiasis and hematuria can occur in some cases. 
Renal calcification in nephrocalcinosis may be seen on 
plain film and CT as radiopaque areas conforming to the 
shape of the medullary pyramids or within the renal 
parenchyma. At US, these calcifications will appear as 
hyperechoic areas, typically within the medullary pyra- 
mids (Figure 4-6). Since most causes of nephrocalcinosis 
are systemic, calcifications are usually bilateral. 


Causes of Hematuria 


Hematuria can be caused by ‘medical nephropathies,’ 
including entities such as glomerulonephritis, metabolic 
disease, hypercalciuria, and interstitial nephritis.' 
Imaging is not required for the diagnosis of glomerulo- 
nephritis or interstitial nephritis. Sonographic findings 
are non-specific in these processes. The kidneys may be 
normal in size, or slightly enlarged. The echotexture of 
the renal cortices may be hyperechoic relative to liver or 
spleen, but the kidneys may also be normal in appear- 
ance (Figure 4-7). 

Vascular causes of hematuria include trauma, sickle 
cell disease, renal venous thrombosis, and coagu- 
lopathies.!> In the setting of trauma, hematuria is most 
concerning for renal parenchymal injury. However, 
depending on the extent and severity of trauma, hematuria 
can also be due to injury to an underlying or preceding 
condition, such as renal mass lesion or congenital 
hydronephrosis. In the former instance, contrast-enhanced 


Figure 4-6 
in an 8-year-old male with nephrocalcinosis. The medullary pyra- 
mids are echogenic secondary to calcium deposition. 


Sagittal view from an ultrasound of the right kidney 


Figure 4-7 Ultrasound of the right kidney in the sagittal plane 
in a 14-year-old female with systemic lupus erythematosus. The 
renal parenchyma is hyperechoic relative to the adjacent liver. 


CT is the modality of choice for evaluating renal injury, 
and potential injury to the renal pedicle (vascular 
integrity) and collecting system. In the latter situation, in 
which the trauma may have only been relatively minor, 
US of the kidneys could be considered as the initial 
investigative modality. US is also the imaging study of 
choice when renal vein thrombosis is suspected. In the 
acute stages, the kidney itself may appear as enlarged 
and hypoechoic, secondary to venous congestion. 
Subsequently, areas of mixed echogenicity appear, 
followed in late stages by a decrease in renal size and an 
increase in cortical echogenicity. In neonates, intrarenal 
venous Calcifications may develop (Figure 4-8).4 Color and 
duplex Doppler findings may include decreased flow in 
the renal vein and high resistive flow in the renal artery. 


CYSTIC DISEASE 


Cystic renal disease in neonates and children can be 
classified as either genetic or non-genetic. Examples of 
non-genetic cystic disease would include multicystic 
dysplastic kidney (this is the most common), and 
obstructive cystic dysplasia. Genetic causes would 
include autosomal recessive polycystic kidney disease, 
autosomal dominant polycystic kidney disease, and 
cystic disease associated with syndromes. 


Investigational Techniques 


Multicystic dysplastic kidney (MCDK) is a mass of 
disorganized, non-functioning tissue. It is now often 
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Figure 4-8 Sagittal image from a right renal ultrasound in a 
10-day-old male. Linear echogenic areas in the renal parenchyma 
represent calcifications in intrarenal veins. There is also a loss of 
corticomedullary differentiation. 


diagnosed with prenatal imaging. Post-natal sonography 
is performed to document the nature of the lesion, and 
will show multiple, non-communicating, anechoic cysts 
surrounded by abnormally echogenic parenchyma 
(Figure 4-9). The contralateral kidney is also evaluated, as 
there is a 15-25% incidence of contralateral renal abnor- 
malities.!’ Both IVU and radionuclide imaging will show 
a non-functioning renal mass. Usually, radionuclide 
imaging is performed to document the lack of function 
and to confirm normal function in the contralateral 
kidney. Renal obstructive cystic dysplasia results from in- 
utero urinary tract obstruction. US will show anechoic 


Figure 4-9 Ultrasound of the left kidney in a newborn with a 
multicystic dysplastic kidney. No normal renal parenchyma is 
visualized. Much of the kidney is replaced with non-communicat- 
ing cysts. 
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cysts that are often subcapsular in location. The size and 
number of these cysts is variable, and is thought to depend 
on the timing of the obstruction during embryogenesis. 

Autosomal recessive polycystic kidney disease 
(ARPKD) is often diagnosed on prenatal sonography. In 
the classic case, post-natal imaging will show enlarged, 
echogenic kidneys with decreased corticomedullary 
differentiation.!8 The individual cysts are usually not 
resolvable by US. ARPKD is associated with hepatic 
fibrosis and biliary ductal plate malformation. In the 
neonatal/perinatal form, the renal disease predominates 
in the clinical picture, while in the juvenile form, the 
sonographic changes and effects of hepatic fibrosis 
(portal hypertension) may become evident. 

Prenatal diagnosis of autosomal dominant poly- 
cystic kidney disease (ADPKD) is uncommon. In some 
infants and young children, US will show enlarged, 
echogenic kidneys, similar in appearance to ARPKD. In 
cases when ARPKD and ADPKD are difficult to distin- 
guish on US, CT may be helpful. ARPKD will show 
delayed excretion and a streaky enhancement pattern; 
ADPKD will usually show prompt excretion and uniform 
parenchymal enhancement.? In older children with 
ADPKD, multiple, large cysts will often become appar- 
ent (Figure 4-10). Asymmetrical renal involvement is also 
not uncommon. 


SOLID RENAL MASSES 


Mesoblastic nepbroma, or fetal renal hamartoma, is 
the most common solid renal mass in neonates, particu- 
larly those aged less than 6 months. Sonography will 
show a solid tumor with varying echogenicity. Necrotic 
or cystic areas may be present. CT will also show a 
heterogeneous mass, which sometimes contains cystic 


areas. US, CT, and MRI are the most commonly employed 
modalities in the evaluation of a child with Wilms’ tumor. 
Sonography of Wilms’ tumor will usually show a predom- 
inantly solid mass. The adjacent vascular structures, such 
as renal veins and inferior vena cava, can be interrogated 
with color and duplex Doppler to assess for tumor 
thrombus. A large tumor can obscure and distort vascu- 
lar anatomy, making adequate evaluation difficult. In 
these cases, it becomes necessary to assess the vascular- 
ity with CT or MRI.’ The primary tumor will appear as a 
heterogeneously enhancing mass on both CT and MRI 
(Figure 4-11). US, CT, and MRI can all be used to evaluate 
local extension and lymphadenopathy, as well as metasta- 
tic disease to solid abdominal organs, such as the liver. 
Although originally thought to represent subtypes of 
Wilms’ tumor, clear cell sarcoma and rhabdoid tumor of 
the kidney are now recognized as distinct tumor types 
that do have similar imaging features to Wilms’ tumor. 

Angiomyolipomas are benign tumors that can be 
associated with tuberous sclerosis, or can be present as 
an isolated abnormality. Because of their fat content, 
these tumors tend to be hyperechoic on US (Figure 4-12) 
and low attenuation on CT. However, lesions containing 
smaller amounts of fat may be less distinctive. MRI 
sequences that highlight fat signal may be helpful in 
these cases. 

Renal cell carcinoma is a rare tumor in children. When 
present, it usually occurs in older children or adoles- 
cents. Those patients with von Hippel-Lindau disease 
also have an increased incidence of this tumor compared 
to the general population. Renal cell carcinoma will 
usually appear as a solid tumor on all cross-sectional 
imaging modalities. It may be isoechoic to renal 
parenchyma on US. Small tumors that do not distort the 
renal architecture may be difficult to visualize. A small 
tumor may be more discernible on contrast-enhanced 
CT or MRI, as these lesions usually show contrast 


Figure 4-10 An image from an enhanced CT scan in a 6-year-old 
male with autosomal dominant polycystic kidney disease. Multiple 
hypodense cysts of various sizes are present in both kidneys. 


Figure 4-11 A single image from an enhanced CT scan in a 
3-year-old male with Wilms’ tumor. A large, heterogeneously 
enhancing mass in the left kidney splays the renal parenchyma. 


Figure 4-12 A sagittal ultrasound image of the right kidney in a 
patient with tuberous sclerosis. Multiple echogenic masses repre- 
sent angiomyolipomas. 


enhancement. The renal vein should be evaluated, as 
invasion by tumor is considered to be a poor prognostic 
sign.!° CT and MRI can also evaluate local tumor spread, 
lymphadenopathy and metastases. 


HYPERTENSION 


In hypertensive pediatric patients, imaging studies are 
used most commonly to aid in the diagnosis of the renal 
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or renovascular causes of hypertension. Renal US is 
usually performed as part of the initial work-up to evalu- 
ate the renal size, focal cortical thinning, parenchymal 
echotexture, and for adrenal masses. A unilateral small 
kidney can contribute to hypertension, and may be 
secondary to renovascular disease, congenital hypoplasia, 
and previous infection or obstruction. A normal renal US, 
along with an appropriate medical history, family history 
and laboratory tests, contributes to the diagnosis of essen- 
tial hypertension. In these cases, no further imaging is 
necessary. 

In patients with a normal renal US, but a history of 
urinary tract infection(s), cortical scintigraphy with 
°°mTc-labeled DMSA may be performed to assess for 
areas of scarring.!? Renal cortical scintigraphy is more 
sensitive than US in assessing renal scarring; lesions may 
be visualized on RCS that were not detectable on sonog- 
raphy. As discussed previously, VUR is thought to predis- 
pose to pyelonephritis and renal scarring; therefore, 
hypertensive patients with renal scarring or a history of 
UTI may also be evaluated for reflux with a VCUG. 


Investigational Techniques 


Renal artery lesions, such as fibromuscular dysplasia 
and renal artery stenosis, may cause hypertension and 
can be imaged in a variety of ways. Non-invasive modali- 
ties include Doppler US, CT angiography, MR angiogra- 
phy and captopril renography. Color and duplex Doppler 
US evaluation of the renal vasculature can be performed at 


Figure 4-13 
left renal artery stenosis. There is a mild narrowing of the proximal left renal artery (arrow). (b) A 
single image from a renal angiogram in the same patient, showing mild narrowing of the proximal 
left renal artery. 


(a) A reconstructed coronal image from a CT angiogram in a 14-year-old male with 
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the time of the initial US. Results are operator-dependent, 
and mild or distal lesions are difficult to evaluate with 
this modality.!? MR and CT angiography can also provide 
excellent images of the renal vasculature, although 
patient movement can degrade detail on these modali- 
ties and are dependent on the timing of the contrast 
bolus (Figure 4-13a). Captopril renography is performed 
using either °°™Tc-labeled MAG 3 or DTPA. Scanning is 
performed with and without dosing of captopril. A 
decreased renal function, following the administration 
of captopril, suggests the diagnosis of renal artery steno- 
sis. The ‘gold standard’ for imaging renal vasculature is 
conventional angiography, which includes renal vein 
renin sampling. Conventional contrast angiography 
provides the most detailed image of the renal vascula- 
ture (Figure 4-13b). It also allows the opportunity for 
therapeutic intervention, such as angioplasty, if a 
stenotic lesion is seen. In patients with suspected 
pheochromocytoma, useful imaging modalities include 
CT, MRI, US, and radionuclide imaging with meta- 
iodobenzylguanidine (MIBG). MIBG is labeled with 
either I-123 or 1-131, and localizes to neuroectodermal 
tumors, including pheochromocytoma. Since MIBG is 
used in whole-body scans, it can show tumors in areas 
not scanned during routine cross-sectional imaging. It 
may also show tumors that are too small to be resolved 
with the other modalities. MIBG is poor at specific 
anatomic localization. MRI, CT, and ultrasound can all 
show an adrenal or extra-adrenal mass. MRI has become 
the cross-sectional imaging study of choice because 
of improved conspicuity of pheochromocytomas 
compared to other modalities secondary to extreme 
hyperintensity on T2-weighted images. '4 
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INTRODUCTION 


The ability of childhood immunizations to prevent 
disease is well documented, and vaccine delivery is often 
the focus of routine medical visits in healthy children. 
Unfortunately, children with chronic illnesses may 
require frequent hospitalization and repeated visits with 
sub-specialists, so that the delivery of routine well-child 
care - including immunizations - can be delayed or over- 
looked. This is especially true for children with chronic 
kidney disease, some of whom may require weekly visits 
with a pediatric nephrologist. However, because these 
children may be at increased risk for vaccine-preventa- 
ble disease, either as a result of their underlying disease 
process or the medications needed to treat it, it is espe- 
cially important that they receive standard childhood 
vaccinations in a timely fashion (Box 5-1). 

This chapter will review the standard childhood immu- 
nization schedule, as well as supplemental vaccines needed 
for children with chronic kidney disease. In addition, data 
on the response to these vaccines, where available, will 
be presented. The chapter will focus on immunizations 
in children with chronic kidney failure, defined as an 
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irreversible reduction in glomerular filtration rate below 
75 ml/min/1.73 m2, children who require renal replace- 
ment therapy with either peritoneal dialysis or hemodialy- 
sis, and children who are status-post renal transplantation. 
Special considerations for immunizing children with the 
idiopathic nephrotic syndrome will also be discussed. 


STANDARD RECOMMENDATIONS FOR 
IMMUNIZATIONS IN CHILDHOOD 


The Advisory Committee on Immunization Practices 
(ACIP), the Committee on Infectious Diseases of the 
American Academy of Pediatrics (AAP), and the American 
Academy of Family Physicians (AAFP) continuously 
revise and update the guidelines for delivering immu- 
nizations to children. The most recent guidelines are 
presented in Figure 5-1, and can also be found at the AAP 
and Centers for Disease Control (CDC) websites 
(www.aap.org, www.cde.gov/nip).? Immunization 
against diphtheria, tetanus, pertussis, Hemophilus 
influenza type b, polio, measles, mumps, rubella, 
Streptococcus pneumonia, varicella-zoster virus (VZV) 
and hepatitis B is considered standard in the United 
States.> Recent changes to this schedule include the 
recommendation that only inactivated poliovirus 
vaccine (IPV) be given, based on the elimination of wild- 
type poliomyelitis viruses from the Western hemisphere 
and the risk for vaccine-associated paralytic poliomyelitis 
with oral poliovirus vaccine.” Thus, the only live-viral 
vaccines remaining on the schedule are VZV and measles, 
mumps, rubella (MMR).? Also relatively new to the sched- 
ule is the addition of the heptavalent conjugated pneu- 
mococcal vaccine, which is now recommended for all 
children under the age of 2 years.>4 In general, children 
with the idiopathic nephrotic syndrome, chronic kidney 
failure, those on dialysis, and those status-post trans- 
plant should receive all of the recommended childhood 
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Box 5-1 Children With Chronic Kidney 
Disease Requiring Adjustment 


in the Routine Schedule for 
Childhood Immunization 


e Chronic kidney disease may result in abnormal 
response to routine childhood immunizations so that 
increased dose or monitoring of response may be 
necessary 

e Some children may not be candidates for live-viral 
vaccines because of a state of relative immunosup- 
pression 

e Many children with chronic kidney disease may be 
susceptible to or at risk for more serious infection 
from pathogens that are not typically problematic in 
healthy children and, therefore, may benefit from 
additional or supplemental immunizations 


immunizations according to the standard schedule, 
whenever possible. However, it is important to deter- 
mine if the child is on immunosuppressive medications, 
as the live viral vaccines (VZV, MMR) should be avoided 
in these patients. In the following sections, each vaccine 
will be discussed separately, and special considerations 
for children with kidney disease will be pointed out. 


Hepatitis B Vaccine 


Two recombinant hepatitis B vaccines are currently 
licensed for use in the United States, namely Recombivax 
HB® (Merck & Co Inc, West Point, PA) and Engerix- 
B® (GlaxoSmithKline, Research Triangle Park, NC). 
Hepatitis B vaccine is to be given in three doses (5 ug 
Hepatitis B surface antigen (HbsAg) for Recombivax HB, 
and 10 ug HbsAg for Engerix-B), with the first dose 
ideally given in the first few days of life.’ Children with 
chronic kidney failure, on dialysis and post-transplant are 
considered at high risk for this infection, because of 
the potential need for blood products. The inability to 
produce a reliable and long-lasting response with stan- 
dard hepatitis B immunization has been well documented 
in adults on dialysis, and it is currently recommended 
that these patients receive an augmented dose of 40 ug 
of either Recombivax HB or Engerix-B.7 Unfortunately, 
data on vaccine response in older children with kidney 
failure are less consistent. In a study of 62 children on 
dialysis or post-transplant who received three doses of 
5 ug (age <10 years) or 10 Ug (age >10 years) of HBsAg, 
60 had protective antibody levels 2 months after the final 
immunization.!? One of the remaining patients devel- 
oped a protective antibody level after a fourth dose, and 
the last patient responded after a fifth dose of vaccine.!? 


In a multicenter study performed by the Southwest 
Pediatric Nephrology Study Group, 78 pediatric patients 
with chronic kidney failure, on dialysis or status-post renal 
transplant were given half of the adult dialysis dose of 
20 ug HbsAg.” Overall, 91% of patients developed a 
protective titer of 10 mIU/ml or greater after a three-dose 
regimen.’ A higher percentage of patients with chronic 
kidney failure and on dialysis had protective antibody 
levels than those immunized post-transplant (96.4% versus 
66.7%).7’ In addition, patients with chronic kidney fail- 
ure tended to have higher mean geometric mean antibody 
titers after three immunizations, than those patients on 
dialysis or post-transplant, and the authors suggested that 
whenever possible, at least two immunizations be given 
prior to the point at which dialysis or transplant is neces- 
sary.?’ Both of these studies were published relatively 
recently and it remains to be seen if the recommenda- 
tions from the AAP and ACIP will be altered in response 
to these data. In addition, most children will now be 
receiving this vaccine in infancy and there are no data 
regarding response to this vaccine in infants with chronic 
kidney disease. Currently, the ACIP recommends that 
dialysis patients less than 20 years of age receive hepati- 
tis B immunization according to the standard schedule 
(i.e., 5 ug Recombivax HB or 10 ug Engerix-B for three 
doses).” Post-vaccination testing should be performed 
1 to 2 months after the primary series is completed and 
then annually.?> Up to three additional doses may be 
given to patients who do not develop protective anti- 
body levels (>10 mIU/ml), and patients whose antibody 
levels fall below the protective level should receive a 
booster immunization.” Patients with idiopathic nephrotic 
syndrome are not identified as high-risk with regard to 
hepatitis B infection and, therefore, monitoring of anti- 
body levels in these patients is not indicated and these 
patients should receive hepatitis B vaccine according to 
the standard schedule. 


Diphtheria, Tetanus and Pertussis Vaccine 


Diphtheria, tetanus and acellular pertussis (DTaP) 
vaccine is currently recommended for all children at 2, 4, 
and 6 months of age, with booster doses at 15-18 months 
and again at 4-6 years of age. In addition, tetanus and 
diphtheria toxoids (Td) are recommended at 11-12 years 
of age if at least 5 years have elapsed since the last dose 
of tetanus and diphtheria toxoid-containing vaccine, with 
subsequent Td boosters every 10 years.? Children with 
chronic kidney failure, on dialysis and status-post trans- 
plant can safely receive these vaccines according to the 
standard schedule.!!!®%3 Although studies in older chil- 
dren on dialysis and post-renal transplant suggest that the 
seroconversion rate after DTaP immunization is lower 
than in healthy children, a study in infants vaccinated 
while on dialysis revealed protective antibody titers to 


diphtheria and tetanus toxoids in most patients. !!18-22:23 


Data on response to or immunity after this vaccine in 
children with idiopathic nephrotic syndrome are not 
available. Thus, children with chronic kidney failure, on 
dialysis and status-post transplant as well as those with 
nephrotic syndrome should receive DTaP and Td booster 
according to the standard childhood schedule. 


Hemophbilus influenzae Type b Conjugate 
Vaccine 


Hemophilus influenzae type b (Hib) conjugate 
vaccine is currently given at 2 and 4 months of age, with 
a third dose at 6 months, depending on which vaccine 
preparation is used. A booster dose is also given at 12 to 
15 months of age. There are no data regarding response 
to this vaccine in children with chronic kidney failure, 
or those with idiopathic nephrotic syndrome; however, 
one study evaluated antibody levels in infants vaccinated 
while on dialysis and revealed protective antibody levels 
in 90% with persistence of immunity for as long as 
22 months post-vaccination.”! Another study measured 
antibody levels at 2 months after the third dose of Hib 
conjugate vaccine in 42 pediatric patients on dialysis or 
status-post renal transplant, and all had protective 
levels.!° This vaccine is composed of bacterial polysac- 
charide conjugated to protein and, therefore, can safely 
be given to children who are on immunosuppressive 
medications. Thus, current recommendations are that chil- 
dren with kidney disease receive this vaccine according 
to the standard schedule. 


Inactivated Polio Virus Vaccine 


As mentioned previously, it is now recommended 
that only IPV vaccine be used for routine immunization 
in children.2> This vaccine, which contains inacti- 
vated virus from the three serotypes responsible for 
paralytic polio, is routinely given at 2 months, 4 months, 
6-18 months and 4-6 years. There are no studies docu- 
menting response to this vaccine in infants with kidney 
disease; however, one study evaluated antibody levels in 
49 older children on dialysis after vaccination with IPV 
and found that 86% of patients had protective levels to 
all three serotypes.”° Because it is not a live viral vaccine, 
IPV can safely be given to children on immunosuppres- 
sive medications. Thus, children with chronic kidney 
failure, those on dialysis, status-post renal transplant and 
those with idiopathic nephrotic syndrome may be 
vaccinated according to the standard schedule. 


Measles, Mumps, Rubella Vaccine 


Measles, mumps and rubella (MMR) vaccine is 
routinely given between 12 and 15 months of age, with 
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a second dose at school entry (age 4-6 years).° This live, 
attenuated viral vaccine is contraindicated in patients 
receiving immunosuppressive medications post-renal 
transplant, and therefore, it is important to give MMR 
vaccine, and document protection against MMR prior to 
transplantation. To that end, several studies have evalu- 
ated response to MMR vaccine in children with kidney 
failure and on dialysis. Although an early study in 10 chil- 
dren on dialysis revealed that only 30% of patients had 
protective antibody levels to all three viruses, a subse- 
quent study found that 88% of patients with chronic 
renal failure and/or on dialysis who were vaccinated in 
infancy had positive antibody titers to measles, mumps 
and rubella at the time of transplantation. !?74 More 
recently, a study in 62 pediatric dialysis patients revealed 
that 100% of patients had positive antibody titers to 
measles, mumps and rubella 2 months after vaccination. 
Although these data suggest that pediatric patients with 
chronic kidney failure and on dialysis respond well to 
MMR vaccine, because immunization post-transplant is 
contraindicated, it is reasonable to document antibody 
titers prior to transplantation, with repeat vaccination if 
necessary.” In addition, this live viral vaccine should be 
avoided in children with idiopathic syndrome while they 
are receiving immunosuppressive therapy, including 
corticosteroids, if possible. Specifically, delivery of MMR 
vaccine should be delayed in any patient treated with 
corticosteroids at a dose greater than 2 mg/kg body 
weight or 20 mg total daily or on alternate days for more 
than 14 days. Once corticosteroids are discontinued, 
it is generally recommended that MMR vaccination be 
delayed for at least 1 month after cessation of the 
medication. 


Varicella Zoster Vaccine 


Since 1995, VZV vaccine has been recommended for 
all immunocompetent children at 12 to 18 months.’ 
Children aged over 18 months without a history of 
having chickenpox can also be immunized. Because of 
the high risk for morbidity and mortality associated with 
varicella zoster infection in adulthood, children aged 
13 years and more without a history of chickenpox 
infection should receive two doses of the vaccine, with 
the second dose at least 1 month after the first.> This 
live, attenuated virus vaccine is contraindicated in 
immunocompromised patients, including those on 
immunosuppressive medication status-post renal trans- 
plant.? In addition, this vaccine should be avoided in 
children with idiopathic nephrotic syndrome who are 
receiving immunosuppressive therapy, including those 
treated with corticosteroids at a dose greater than 
2 mg/kg body weight or a total daily dose of 20 mg.? 
Children receiving lower doses of corticosteroids may 
receive VZV vaccination.” Because of the significant risk 
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RECOMMENDED CHILDHOOD AND ADOLESCENT IMMUNIZATION SCHEDULE 
UNITED STATES, 2002 


Range of recommended ages N Catch-up immunization N Preadolescent assessment 


annie nad ni i i i 
v 


Hepatitis Bi 
Diphtheria, Tetanus, 


Pertussis? DTaP | DTaP 


Haemophilus 
influenzae Type b3 Hib Hib 


Inactivated Polio4 
Measles, Mumps, 
Rubella5 


Varicellaé 


Pneumococcal’ PCV PCV PCV 


Vaccines below this line are for selected populations 


Influenza A9 Influenza (yearly) 


Figure 5-1 This schedule indicates the recommended ages for routine administration of 
currently licensed childhood vaccines, as of December 1, 2001, for children through age 18 years. 
Any dose not given at the recommended age should be given at any subsequent visit when indicated 
and feasible. Indicates age groups that warrant special effort to administer those 
vaccines not previously given. Additional vaccines may be licensed and recommended during the 
year. Licensed combination vaccines may be used whenever any components of the combination 
are indicated and the vaccine’s other components are not contraindicated. Providers should consult 
the manufacturers’ package inserts for detailed recommendations. 

1. Hepatitis B vaccine (Hep B). All infants should receive the first dose of hepatitis B vaccine soon 
after birth and before hospital discharge; the first dose may also be given by age 2 months if the 
infant’s mother is HbsAg-negative. Only monovalent hepatitis B vaccine can be used for the birth 
dose. Monovalent or combination vaccine containing Hep B may be used to complete the series; 
four doses of vaccine may be administered if combination vaccine is used. The second dose should 
be given at least 4 weeks after the first dose, except for Hib-containing vaccine, which cannot be 
administered before the age of 6 weeks. The third dose should be given at least 16 weeks after the 
first dose, and at least 8 weeks after the second dose. The last dose in the vaccination series (third 
or fourth dose) should not be administered before age 6 months. 

Infants born to HbsAg-positive mothers should receive hepatitis B vaccine and 0.5 ml hepatitis B 
vaccine series within 12 hours of birth at separate sites. The second dose is recommended at age 
1-2 months, and the vaccination series should be completed (third or fourth dose) at age 6 months. 
Infants born to mothers whose HbsAg status is unknown should receive the first dose of the hepa- 
titis B vaccine series within 12 hours of birth. Maternal blood should be drawn at the time of delivery 
to determine the mother’s HbsAg status; if the HbsAg test is positive, the infant should receive HBIG 
as soon as possible (no later than age 1 week). 

2. Diphtheria and tetanus toxoids and acellular pertussis vaccine (DTaP). The fourth dose 
of DTaP may be administered as early as age 12 months, provided that 6 months have elapsed since 
the third dose and the child is unlikely to return at age 15-18 months. Tetanus and diphtheria 
toxoids (Td) is recommended at age 11-12 years if at least 5 years have elapsed since the last dose 
of tetanus and diphtheria toxoid-containing vaccine. Subsequent routine Td boosters are recom- 
mended every 10 years. 

3. Haemophilus influenzae type b (hib) conjugate vaccine. Three Hib conjugate vaccines are 
licensed for infant use. If PRP-OMP (PedvaxHib® or ComVax® (Merck)) is administered at ages 2 
and 4 months, a dose at age 6 months is not required. DTaP/Hib combination products should not 


for morbidity and mortality with varicella zoster infec- 
tion in patients who are on immunosuppressive medica- 
tion, there has been great interest in insuring adequate 
antibody response after VZV vaccination in children 
with chronic kidney failure and those on dialysis, with 
the goal of providing protection for these children 
before immunosuppressive medications are introduced 
post renal transplant. Similarly, children with idiopathic 
nephrotic syndrome may require intermittent therapy 
with immunosuppressive medications for many years, so 
vaccine response in this group has also been the focus of 
great attention. Because early studies of VZV vaccine in 
children with chronic kidney failure and on dialysis 
demonstrated a lower seroconversion rate than in 
healthy children after a single immunization, two multi- 
center, prospective studies evaluated antibody levels 
after a two-dose regimen of VZV vaccine in children 
with chronic kidney failure and on dialysis.'>?8 Both 
studies revealed that nearly all patients seroconverted 
after the second dose of vaccine, with a 98% serocon- 
version rate in one study and 100% in the other.!*78 In 
children with idiopathic nephrotic syndrome, the 
reported seroconversion rates after a single dose of VZV 
vaccine have been 43-85%, while a study of 29 children 
with steroid-sensitive nephrotic syndrome demonstrated 
a 100% seroconversion rate after a two-dose regi- 
men. !1426 Tt should be noted that none of these studies 
included a large number of children between 12 and 
18 months of age, which is currently the target age for 
VZV vaccination, and thus the ability of infants and 
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toddlers with chronic kidney disease, on dialysis and 
those with idiopathic nephrotic syndrome to respond to 
this vaccination is not known. In light of this fact, and 
the data from the studies in older children, it is reason- 
able to measure antibody levels after VZV vaccination 
and provide a second vaccination to those patients who 
do not have a protective titer. In addition, antibody 
levels should be checked prior to proceeding to renal 
transplantation and supplemental vaccination consid- 
ered if positive antibody titers are not demonstrated. 


Pneumococcal Vaccine 


Children with kidney disease, including those with 
chronic kidney failure, on dialysis, status-post renal trans- 
plant and the idiopathic nephrotic syndrome are consid- 
ered high-risk for the development of invasive infection 
with Streptococcus pneumoniae and the AAP and ACIP 
recommend immunization with the 23-valent polysac- 
charide pneumococcal (23PS) vaccine in this high-risk 
group.*® This vaccine is poorly immunogenic in infants 
and toddlers, and therefore, is only given to children 
2 years of age and older. Since 2000, the ACIP and AAP 
have recommended that the heptavalent pneumococcal 
conjugate vaccine (PCV7), which is highly immunogenic 
in infants, be given to all children, including those with 
kidney disease, at 2, 4, 6, and 12 to 15 months of age.>4 
In addition, children between 2 and 6 years of age who 
are at high risk for invasive pneumococcal infection who 
have not been immunized previously, should receive 


be used for primary immunization in infants at ages 2, 4, or 6 months, but can be used as boosters 


following any Hib vaccine. 


4. Inactivated polio vaccine (IPV). An all-IPV schedule is recommended for routine childhood 
polio vaccination in the United States. All children should receive four doses of IPV at ages 2 months, 


4 months, 6-18 months, and 4-6 years. 


5. Measles, mumps, and rubella vaccine (MMR). The second dose of MMR is recommended 
routinely at age 4-6 years, but may be administered during any visit, provided that at least 4 weeks 
have elapsed since the first dose and that both doses are administered beginning at or after the age 
of 12 months. Those who have not previously received the second dose should complete the sched- 


ule by their 11- to 12-year-old visit. 


6. Varicella vaccine. Recommended at any visit at or after age 12 months for susceptible children - 
that is, those who lack a reliable history of chickenpox. Susceptible persons aged 213 years should 


receive two doses, given at least 4 weeks apart. 


7. Pneumococcal vaccine. The heptavalent pneumococcal conjugate vaccine (PCV) is recom- 
mended for all children aged between 2 and 23 months. It is also recommended for certain children 
aged between 24 and 59 months. Pneumococcal polysaccharide vaccine (PPV) is recommended in 


addition to PCV for certain high-risk groups. 


8. Hepatitis A vaccine. Recommended for use in selected states and regions, and for certain high- 
risk groups; consult your local public health authority. 

9. Influenza vaccine. Recommended annually for children aged 26 months with certain risk 
factors (including, but not limited to, asthma, cardiac disease, sickle cell disease, HIV, diabetes), and 
can be administered to all others wishing to obtain immunity. Children aged <12 years should 
receive vaccine in a dosage appropriate for their age (0.25 ml if aged 6-35 months or 0.5 ml if aged 
23 years). Children aged <8 years who are receiving influenza vaccine for the first time should 


receive two doses, separated by at least 4 weeks. 


(Data from American Academy of Pediatrics Committee on Infectious Diseases: Recommended 
childhood immunization schedule - United States, 2002. Pediatrics 2002;109:162.) 
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Table 5-1 Recommendations for Pneumococcal Immunization with PCV7 or 23PS in Children with Kidney Disease 


Age Previous Dose Recommendations 
<23 months None PCV according to standard recommendations (see Figure 5-1) 
24-59 months 4 doses of PCV7 1 dose of 23PS vaccine at 24 months, at least 6-8 weeks after the last dose 
of PCV7 
1 dose of 23PS vaccine, 3-5 years after the first dose of 23PS vaccine 
24-59 months 1-3 doses of PCV7 1 dose PCV 7 


1 dose of 23PS, 6-8 weeks after the last dose of PCV7 
1 dose of 23PS vaccine, 3-5 years after the first dose of 23PS vaccine 


24-59 months 1 dose of 23 PS 


2 doses of PCV7, 6-8 weeks apart, beginning at least 6-8 weeks 


after the last dose of 23 PS vaccine 
1 dose of 23 PS vaccine, 3-5 years after the first dose of 23PS vaccine 


24-59 months None 


2 doses of PCV7 6-8 weeks apart 


1 dose of 23PS vaccine, 6-8 weeks after the last dose of PCV7 
1 dose of 23 PS vaccine, 3-5 years after the first dose of 23PS vaccine 


two doses of PCV7 6 to 8 weeks apart.“ It is also recom- 
mended that high-risk children receive supplemental 
immunization with the 23PS vaccine, to expand serotype 
coverage.* The timing of this vaccine varies, depending 
on the age of the patient, and the number of previous 
immunizations with PCV7.4 Specific recommendations 
for immunizing high-risk children with PCV7 and 23PS 
vaccine are given in Table 5-1, and can also be found at 
the AAP and CDC websites (www.aap.org, www.cdc.gov/ 
nip).4 Children with kidney disease older than 6 years 
should also receive vaccination with 23PS.° Revaccination 
should occur 3 years after the previous dose in those 
children who are 10 years old or younger at the time of 
revaccination, and at 5 years in children older than 
10 years at the time of revaccination.® Revaccination is 
important as several studies have suggested that although 
response to vaccination in children with kidney disease 
is good, there may be a rapid decline in antibody 
levels.!3:!6!9 However, these studies evaluated response 
to and long-term antibody levels after 23PS, and there are 
no data available on response to PCV7, or response to 
23PS after previous immunization with PCV7 in children 
with chronic kidney failure, on dialysis, status-post renal 
transplant or the idiopathic nephrotic syndrome. !>:!6 


Hepatitis A Vaccine 


Since 2001 the recommended childhood immunization 
schedule has included two vaccines which are intended 
only for selected populations, hepatitis A and influenza 
vaccines.* Hepatitis A vaccine is recommended for chil- 
dren aged 2 years and older who live in areas with an 
average annual rate of hepatitis A disease of at least 20 
cases per 100,000 population during the period of 1987- 
1997.’ In the United States, this includes the states of 
Arizona, Alaska, California, Idaho, New Mexico, Nevada, 


Oklahoma, Oregon, South Dakota, Utah, and Washington.” 
Children living in areas where the average annual rate of 
hepatitis A disease was at least 10 per 100,000 popula- 
tion during the 1987-1997 period should also be 
considered for vaccination.’ This includes the states of 
Arkansas, Colorado, Mississippi, Montana, Texas and 
Wyoming.’ Children living in these areas, including 
those with kidney disease, are to receive two doses of 
hepatitis A vaccine, again after the age of 2 years. There 
are currently no data available on response to hepatitis A 
vaccine in children with chronic kidney failure, on dial- 
ysis, status-post renal transplant or with the idiopathic 
nephrotic syndrome. 


Influenza Vaccine 


Influenza vaccine is the second vaccine included on 
the recommended childhood immunization schedule, 
but intended only for selected populations.’ In 2002, the 
schedule begins to focus on the expansion of routine 
influenza immunization for children other than those at 
high risk, and vaccination of otherwise healthy children 
aged from 6 to 23 months is now encouraged.>° High-risk 
populations continue to be a priority for immunization, 
and this group includes children with chronic kidney 
failure, on dialysis, status-post renal transplant and the 
idiopathic nephrotic syndrome.° In addition, household 
contacts of high-risk individuals should receive immu- 
nization. The influenza vaccine is given annually in the 
autumn, and the vaccine composition changes each year 
based on the strains of influenza viruses likely to circu- 
late in the upcoming year. The vaccine is intended only 
for children older than 6 months of age. The dose and 
schedule of vaccine depend on the age of the child and 
whether previous influenza vaccination has occurred.>° 
Specifically, children aged 6-35 months should receive 


0.25 ml, while those 3 years or older receive 0.5 ml. 
Because split-virus vaccines (labeled as split, subvirion, 
or purified-surface antigen vaccine) are associated with a 
decreased risk for causing febrile reactions, the ACIP 
currently recommends that children under the age of 
13 years receive only split-virus vaccines. While older 
children may receive either split- or whole-virus vaccines, 
whole-virus vaccine is not available in the United States.° 
Two doses of influenza vaccine, given at least 1 month 
apart, are recommended for children under the age of 
9 years who are receiving the vaccine for the first time.>° 
Because of the significant risk for influenza-related 
morbidity and mortality in pediatric patients with 
chronic kidney disease, there have been several studies 
evaluating vaccine response in this population. Although 
an early study of influenza vaccine in pediatric renal 
transplant patients revealed a lower seroconversion rate 
than in healthy siblings, two other studies have 
demonstrated seroconversion rates that are similar 
between transplant patients and controls.!°!77° One of 
the studies also vaccinated pediatric patients with chronic 
kidney failure and on dialysis, and revealed equivalent 
seroconversion rates between the study groups and 
controls.!” These studies suggest that influenza vaccine 
produces a reasonable humoral response in patients 
with chronic kidney disease. Nevertheless, because of 
the significant risk for mortality from this disease in 
these patients, as pointed out above, household contacts 
should receive vaccination in an effort to decrease the 
risk for exposure to influenza.° 


SUMMARY 


Pediatric patients with chronic kidney failure and on 
dialysis should receive all of the vaccines currently 
recommended for healthy children according to the 
standard schedule, whenever possible. Children who are 
on immunosuppressive medications post-renal trans- 
plant should also receive all of the standard immuniza- 
tions, with the exception of MMR and VZV vaccine, 
which are live, attenuated virus vaccines.*? Because of 
this, every effort should be made to vaccinate children 
with chronic kidney failure and on dialysis with MMR 
and VZV vaccines prior to transplantation. In addition, 
protection against MMR and VZV should be documented 
prior to transplantation and revaccination considered in 
those patients without protective antibody titers. 
Children with the idiopathic nephrotic syndrome 
treated with immunosuppressive medication including 
corticosteroids at a dose of more than 2 mg/kg per day 
or a total dose of 20 mg per day should not receive MMR 
or VZV vaccines. Ideally, these vaccines should be 
delayed until at least 1 month after immunosuppressive 
medications have been discontinued, although children 
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on maintenance corticosteroids at doses lower than 
those listed above may receive the VZV vaccine.>? 

Children with chronic kidney failure, on dialysis and 
status-post transplant are at high risk for infection with 
hepatitis B, and these patients may benefit from an 
augmented dose of this vaccine.”’ At the very least, anti- 
body levels should be monitored and additional doses 
provided if an antibody level >10 mIU/ml is not achieved 
after completing the three-shot series.” In addition, anti- 
body levels should be monitored yearly, with a booster 
dose if levels fall below 10 mIU/ml.?> Because of the 
increased risk for invasive pneumococcal infection, chil- 
dren with chronic kidney failure, on dialysis, status-post 
renal transplant and the idiopathic nephrotic syndrome 
should receive supplemental immunization with the 
heptavalent conjugated and 23-valent polysaccharide 
pneumococcal vaccine. The number and timing of 
these supplement vaccines depends on the patient’s age 
and previous vaccinations (see Table 5-1). In addition, 
revaccination with 23PS is indicated every 3 years in 
patients aged <10 years of age at the time of revaccina- 
tion, and every 5 years in patients older than 10 years of 
age at the time of revaccination.* Finally, because patients 
with chronic kidney failure, on dialysis, status-post renal 
transplant and with the idiopathic nephrotic syndrome 
are at increased risk for morbidity and mortality from 
influenza infection, these patients, their household 
contacts and their medical caregivers should receive 
influenza vaccine annually in the fall. 
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INTRODUCTION 


The goals of this chapter are to detail the numerous 
social issues that affect, and are affected by, renal disease, 
so that medical professionals working in nephrology 
may be aware of the wide-ranging implications that their 
diagnoses and treatments may have for pediatric patients 
and their families. The role of the nephrology social 
worker as part of the team of clinicians is essential to 
providing optimal care for these patients. Effective inter- 
ventions, which may be used in relation to specific social 
issues, can affect medical status and treatment outcomes. 


Social Issues in 
Children with Renal 
Disorders 


CYNTHIA GREEN, M.S.S., L.S.W. AND 
KIMBERLY STERNER-STEIN, M.S.W, L.S.W. 


TANYA’S STORY 


When 12-year-old Tanya M. (names and some aspects 
of the history have been changed to protect confiden- 
tiality) was diagnosed with chronic renal failure second- 
ary to focal segmental glomerulosclerosis, she and her 
parents were upset, yet somewhat relieved. At last they 
had an explanation for the increasing fatigue in a child 
who used to have boundless energy; the inattentiveness 
at school that had led to plummeting grades for a one- 
time straight-A student; and the swollen body of a once- 
willowy girl that had elicited merciless teasing from the 
boys in her class. Although dialysis and transplant 
loomed over their futures, her illness, however serious, 
could be treated. It now seemed that they could make 
plans and move forward. 

Two years later, however, the family felt as though 
they had taken one step forward but two steps back. 
With all the time Mrs M. had needed to shuttle Tanya to 
and from medical appointments and to learn how to do 
home peritoneal dialysis, she had lost her secretarial job, 
and with it, the family’s health insurance. Before they 
could obtain other coverage through the state Medicaid 
program, Tanya had required hospitalization, leaving the 
family with a $12,000 bill to pay out of its own pocket. 
Because Mr M.’s blood type was compatible with 
Tanya’s, and Mrs M.’s was not, he had begun the process 
of evaluation to be a transplant donor. This required 
taking a number of unpaid days off from his construction 
job, with the result that the family’s finances were 
stressed even further. He had no idea how they would 
manage during the six or more weeks he would need to 
take away from work for the surgery; at least three of 
those weeks would be without a salary. 

Burdened by nightly dialysis and nagging abdominal 
pain that often kept her out of school, Tanya had been 
transformed from a sweet, cooperative youngster into an 
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irritable, withdrawn teenager, testing her parents’ 
patience at a time when they were already under stress. 
Mrs M. had no idea how she would be able to persuade 
Tanya to take the more than 20 pills a day she would 
need after the transplant, because Tanya frequently 
balked at taking the few she was currently prescribed. 
Tanya’s siblings were starting to act up with too little 
parental energy and attention to go around, the 14-year- 
old sister hanging out with a rough crowd of friends 
who dabbled in drugs and vandalism, and the 5-year-old 
brother throwing tantrums and fighting with his kinder- 
garten classmates. 

Every chronic illness in childhood has psychosocial 
effects on the patient and those close to them.®!° For 
chronically ill children and adolescents, the major devel- 
opmental tasks that are so crucial to maturing to well- 
adjusted, independent adulthood are often delayed and 
sometimes never mastered.©!7 Nearly half of the parents 
and more than half of the well siblings of children with 
chronic illness report significant psychiatric symptoms 
and behavioral problems.° Even in this context, however, 
the personal and familial ramifications of renal disease, 
especially as kidney failure reaches end stage, are among 
the most far-reaching and devastating.!:!4!8 The severity 
of psychological, financial, vocational, educational, and 
relational issues faced by renal patients has been recog- 
nized in the fields of medicine and social work since the 
1970s, when Congress decreed that patients receiving the 
newly established treatments of dialysis and transplanta- 
tion would be eligible for health insurance coverage 
through the Medicare system. This is the only non-elderly 
population that receives this benefit. Furthermore, it was 
mandated that social work services be made available to 
all with end-stage renal disease (ESRD) being treated at 
hospitals or freestanding dialysis centers.!! 


Complexity of the Psychosocial Issues 


Several theories attempt to explain the complexity of 
the psychosocial issues faced by renal patients and their 
families. Some kidney diseases disproportionately affect 
racial groups that have a history of social and economic 
deprivation in Western societies. Many renal diseases are 
inherited or familial, and therefore multiple family 
members of a seriously affected proband may also be ill 
(parent and child, more than one sibling). Poverty, igno- 
rance, and lack of access to medical care among some 
populations can result in late detection and poor treat- 
ment of renal problems and precursor illnesses such as 
hypertension and diabetes. Kidney failure itself is one of 
the few diseases for which even the most successful avail- 
able treatment, renal transplantation, is not a cure. Even 
with the best results it is a temporary respite from illness 
in which health may be restored at the price of signifi- 
cant impediments to normal functioning. Many ESRD 


patients must miss work or school three times a week 
for hemodialysis, spend 10-12 hours a night connected 
to a peritoneal dialysis machine, and undergo more than 
one transplant during their lifetime. 


Illness Intrusiveness 


The extent to which illness and/or treatment interfere 
with other important facets of a person’s life is well 
documented for renal disease. This high level of illness 
intrusiveness includes physiological effects, appearance 
changes, demanding treatment schedules, and decreased 
involvement in relationships and social and leisure activ- 
ities.!° Whatever the reason, it is clear that the types of 
challenges faced by the M. family are typical for those 
who have children with renal disease. The addition of 
single parenting, illiteracy, mental illness, developmental 
disability, substance abuse, unemployment, or any of a 
myriad other stressors can stretch any family to its break- 
ing point. Therefore, it is apparent that social issues can 
have a profound impact on the well being of renal patients 
and their families. Numerous studies have shown that 
psychosocial interventions can increase patient adher- 
ence to treatment plans, improve patient-perceived qual- 
ity of life and medical outcomes, and decrease medical 
costs by reducing hospitalizations.+5 


THEORETICAL UNDERPINNINGS: 
AN ECOLOGICAL PERSPECTIVE 


Systems Theory 


The ecological, or systems theory of human behavior is 
the fundamental premise behind nephrology social work 
and social work in general.°” Systems theory holds that 
every individual is part of a system comprising the ecology, 
or environment, in which that person exists; the person 
and the environment constantly act upon each other in 
ways that produce changes in each.’ An individual’s ability 
to function depends on how well that person and his or 
her environment fit together. Since all parts of the ecology 
are interrelated, a change in functioning can be effected by 
introducing change at any part of the system. 


Ecomap 


This conceptual framework can be illustrated using 
what is called an ecomap, which shows in graphic form 
the various aspects of the environment with which a 
person may interact.’ Family, friends, work, school, the 
healthcare system, religious institutions, hobbies, and 
the social welfare system are some of the environmental 
components that may be important to an individual’s 
functioning. Each of these components takes on varying 
degrees of importance depending on the individual’s 


history, current situation, motivation, and desires. A 
sample ecomap for a pediatric renal patient is shown in 
Figure 6-1. The child is pictured in the center of a constel- 
lation of environmental components that include house- 
hold members (parents, siblings, and anyone else living 
in the same home); extended family (grandparents, aunts 
and uncles, other relatives); the living environment (the 
neighborhood in which the family resides, its safety, 
cleanliness, noise level, and types of neighbors living 
nearby); concrete resources available to the family (food, 
shelter, clothing, transportation, health insurance, income 
level); friends; school; recreation (sports, hobbies, other 
leisure activities); the social welfare system (Medicare/ 
Medicaid, Social Security, child protective services in 
cases of abuse or neglect); religion; and the healthcare 
system (physicians, nurses, other medical professionals). 
Larger circles indicate the more influential spheres of an 
individual’s life, and influences will vary from person to 
person. For some, the religion circle might be very large, 
while for a high-school football star, the recreation circle 
might dominate. Lines drawn from the central figure to 
the other circles can indicate the level of functioning 
experienced in each of the spheres. A double solid line 
to school would indicate the solid connection of a 
student who excels in academics, gets along with teach- 
ers, and enjoys her classmates’ company; a jagged line to 
family would depict poor functioning at home and a 
high level of conflict between the child and other 
members of the household. For pediatric renal patients, 
the healthcare circle is often as large as or larger than 
those for school and friends. 

The systems model can also be applied to the nuclear 
family unit.” The actions and beliefs of each family 
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member - and this can include children, parents, step- 
parents, grandparents, aunts, uncles, cousins, lovers, and 
foster parents, depending on the make-up of the house- 
hold - affect each other family member, to some extent 
determining their actions and beliefs. For example, the 
withdrawal from family life of a depressed parent can 
elicit acting-out behaviors from attention-starved chil- 
dren. Dealing with the drug abuse of a teenager can rip 
apart his or her parents’ relationship with each other. 


THE ROLE OF THE NEPHROLOGY 
SOCIAL WORKER 


The ecological perspective is therefore the guiding 
principle that determines the role and functions of the 
social worker as part of the pediatric nephrology 
medical team. These functions generally fall into one of 
three categories: providing direct patient care; serving as 
consultant to the rest of the renal team; and acting as 
advocate for renal patients in general on a macro level 
with the hospital or medical facility, or out in the larger 
community. The overriding goal, however, is always the 
same: to provide or facilitate provision of any psychoso- 
cial services needed to help patients and families adjust 
to illness, so the patient’s physical health can be restored 
as much as is medically possible and daily living can 
resume with minimum alteration.’ 


Psychosocial Assessment 


Direct patient care by a social worker can take several 
different forms.!> First and foremost is psychosocial 
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assessment. The importance of assessment in assisting 
patients and families in reaching an optimal level of func- 
tioning cannot be overstated. In the same way that the 
provision of proper medical treatment depends entirely 
upon accurate diagnosis, the provision of appropriate 
and effective social work interventions depends upon 
thorough and accurate gathering of information about 
the patient and family’s situation, strengths, and needs. 
Assessment is an ongoing process, initially taking place 
in the early days and weeks following the diagnosis of a 
chronic renal disease, but continually being re-examined 
as the child’s medical condition and treatment plan 
change and the child and family progress through life’s 
developmental stages. It is important to note that assess- 
ment often uncovers multiple, contradictory needs. 
Social work clinicians must be prepared to help negoti- 
ate these dilemmas in the best interest of both patient 
and the family unit. 

An example of an assessment is shown in Figure 6-2. 
Families should be helped to understand that the 
personal information gathered through this instrument, 
which may seem intrusive to some, remains confidential 
within the renal team and that its purpose is to allow the 
team to understand patient and family strengths and 
challenges that may affect the patient’s medical care. 
The assessment includes such information as family 
composition, level of patient and family understanding 
of the medical situation, behavioral and mental health 
issues, school and learning issues, coping styles and 
supports, and insurance and financial situation (Box 6-1). 

Regular reassessments are also important in keeping 
current with a patient and family’s circumstances as 
they change over time.!?!> Loss of employment, new 
problems in school, behavioral changes, and changes in 
marital status or family make-up are common over the 
course of a chronic illness and can create new needs for 
support. 

Once a psychosocial assessment is completed, the 
renal social worker provides ongoing counseling to 
patients and family members regarding medical decision- 
making, care planning, and psychological coping. Some 
mental health issues are best managed by medication, 
and/or intensive talk therapy provided by a psychiatrist, 
psychologist, or social work clinician working as a 
psychotherapist. However, the nephrology social 
worker acts as the primary mental health practitioner 
for many patients and families.!>!? For patients already 
overburdened by medical appointments and treatment 
regimens, the frequency of contact with a renal social 
worker who is conveniently available during clinic 
visits uniquely positions the social worker to act in 
this role. Close and intense relationships may develop 
over time between social worker and family. And since 
social workers receive intensive, 2-year postgraduate 
professional training in the principles of human 


development and the skills needed to help people opti- 
mize functioning in their environment, they possess the 
essential tools needed to work as counselors in a medical 
setting. !9 


Clinical Pearl 


Many mental health problems are situational and 
require only brief intervention. An example is the 
depression that new dialysis patients frequently experi- 
ence when the impact of this treatment on their lives 
becomes fully understood. 


Adjustment to newly diagnosed renal disease can lead 
to severe, clinical depression in some while others 
regain their equanimity after a short period of adjust- 
ment under a social worker’s guidance. Early, intensive 
social work intervention with patients starting hemodial- 
ysis, for example, has been shown to have a significant, 
positive effect on patients’ adjustment and quality 
of life.” 


Coordinating Resources 


Another key function of the renal social worker is to 
coordinate the many resources needed to support the 
care of a long-term renal patient. Transportation, finan- 
cial considerations, health insurance, home nursing and 
medical equipment, special school or work accommo- 
dations, and the need to be followed by multiple medical 
specialists and/or mental health practitioners are just 
some of the issues that may impact a family’s ability to 
care for a child with renal disease. Even the most capable 
family can become emotionally, physically, and finan- 
cially depleted by the time and energy required manag- 
ing so many responsibilities. Many of these specialized 
resources have not been a part of the family’s life before 
the onset of illness, making education an important part 
of the social worker’s job. 


Box 6-1 Assessment Often Uncovers 
Multiple and Contradictory 


Needs 


The patient and family come to realize that kidney 
failure is irreversible 

Life must irrevocably change for every family member 
Decisions are made concerning the types and timing 
of treatments 

Lifestyle modifications must be made to accommo- 
date additional responsibilities 

Severe illness reshapes family members’ hopes, 
dreams, aspirations for the future 

Different family members’ needs, desires, or 

rights clash 
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Psychosocial Assessment 
Division of Nephrology, The Children’s Hospital of Philadelphia 


FOR OFFICE USE ONLY 


Patient name 


Date of Birth Medical record # 


Diagnosis 


Family members present during assessment 


Assessment admini tered by 


1. Please list everyone who lives in your household 


Full name Age Relationship to patient 


a. 


2. Parent/guardian marital status 


O Married O Single O Divorced O Separated O Widowed O Living with partner 


O Other (please describe) 


3. Are parents/guardians currently employed? 


O Both O One (who?) 


Employer’s name/work phone 


O Neither 


Employer’s name/work phone 


4. Why does your child see a nephrologist (kidney doctor)? 


5. Does your child understand why he/she sees a nephrologist (kidney doctor)? 


O Yes O No (please explain) 


6. Does your child attend school? 


O Yes Grade Name of school 


O No (please explain) 
7. Does your child receive special education services? 


O No O Yes (please describe) 


Figure 6-2 Patient questionnaire used in the Division of Nephrology, The Children’s Hospital of 


Philadelphia, as part of a psychosocial assessment. 


8. Has your child ever been diagnosed with (if yes, please describe): 


a. Learning disability O No [O Yes 


b. Developmental problems [O No O Yes 


c. Emotional problems [O No [O Yes 


d. Behavioral problems (e.g., ADHD) O No O Yes 


9. How would you describe your child’s learning style? 
O Learns by hearing O Learns by seeing O Learns by doing O Don’t know 


10. Does anyone in your household have a history of/current problem with/see a therapist/counselor for: 


a. Marital/family difficulties O No [O Yes (who?) 
b. Emotional problems O No O Yes (who?) 
c. Mental illness O No O Yes (who?) 
d. Drug or alcohol use O No O Yes (who?) 
e. Learning/school problems O No [O Yes (who?) 
f. Behavioral problems O No [O Yes (who?) 
g. Developmental problems O No [O Yes (who?) 


11. How would you describe your child’s temperament (behavior, reactions) compared with other children his/her age? 


O More fearful O Less fearful O Average 
O Less mature O More mature O Average 
O More hyper/restless O More calm/quiet O Average 
O More easily distracted O More focused O Average 


12. How would you describe your child’s attitude (check all that apply)? 


O Highly sensitive O Self-absorbed O Outgoing/friendly 
O Rigid/defiant O Active/aggressive O Inattentive 
O Well-regulated O Timid/shy O Flexible/easygoing 


13. Compared with other children the same age, does your child have: 
O More friends O Fewer friends O An average number of friends 
O Don’t know 

14. How would you describe your relationship with your child? 


O Warm/open O Anxious/tense O Angry/hostile 


O Overly involved O Distant O Other (please describe) 


15. Does your child have insurance or other health coverage? O No O Yes 
If yes, what kind (check all that apply)? 
O Provided by parent/guardian employer O Paid privately by family 


O Medicaid (including CHIP) O Medicare 


Figure 6-2 Contd 
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Answer questions 16—18 ONLY IF ONE OR MORE PARENT IS EMPLOYED: 

16. Do you anticipate any problems with employer(s) due to your child’s illness/treatment? 
O Yes O No O Not sure 

17. Will parents/guardians have to stop work due to child’s illness/treatment? 


O Yes O No O Not sure 


18. Would a change in parent/guardian employment jeopardize your child’s health insurance? 


O Yes O No 


19. Is your family currently experiencing any financial difficulties? 


O No O Yes (please describe) 


20. Are there other stresses in your life that could make your child’s illness difficult for you and your family to manage? 


O No O Yes (please describe) 


21. Who can you count on to provide the following (check all that apply): 
a. Emotional support 
O Spouse/partner O Other relatives O Friends O Work associates O No one 
b. Financial support: 
O Spouse/partner O Other relatives O Friends O Work associates 0 No one 
c. Information: 
O Spouse/partner O Other relatives O Friends O Work associates O No one 
d. Help with everyday tasks: 
O Spouse/partner O Other relatives O Friends O Work associates O No one 
22. How will you get to CHOP for appointments? 
O Own car O Public transportation O Rides from others O Don’t know 


23. Is there anything else you would like to share about your child and/or your family that might make it easier for 
the medical team to assist you? 


24. This form is intended for use only by members of the Division of Nephrology at The Children’s Hospital of Philadelphia. 
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The information helps us to provide your child and family with the best possible care. May we include this form in your child’s medical chart? 


O Yes O No 


Figure 6-2 Cont'd 
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At the same time, obtaining these resources requires 
not only knowledge but also persistence and the ability 
to solve problems creatively. The advocacy of a social 
worker on behalf of a family with government agencies, 
managed-care insurance companies, and healthcare 
providers can make the difference between a patient 
receiving what he or she is entitled to receive or doing 
without. A good example is Supplemental Security 
Income, or SSI (Box 6-2). 

The application process is lengthy and multi-step. It 
entails the gathering of documentation from medical 
sources regarding the child’s disability and verification 
of income that is determined not only by the amount of 
the parents’ paychecks but by other financial considera- 
tions such as number of people being supported by that 
income and level of debt. The social worker can ensure 
that all appropriate materials are submitted to the agency, 
and that the case is presented in a way that most clearly 
and forcefully demonstrates the family’s eligibility. 


A Voice at the Table 


During interdisciplinary patient care conferences, it is 
the social worker’s role to represent patient and family 
points of view and to help other team members under- 
stand how medical decisions may be affected by non- 
medical issues.!! 


Clinical Pearl 


The social worker acts as patient and family advocate 
not only to the outside world but also within the renal 
team. 


One such commonly held discussion centers around 
the choice families must make between in-center 
hemodialysis and home peritoneal dialysis. While 
medical constraints may determine the choice for some 
children, when there is a medical option, medical staff 
often recommend peritoneal dialysis, because its daily 
performance allows for gentler treatment and more 
liberal fluid and diet restrictions. But are the parents 
cognitively and emotionally capable of handling 


Box 6-2 Supplemental Security 
Income (SSI) 


e Children diagnosed with chronic, disabling 
conditions may be eligible for monthly payments, 
called ‘SSI,’ of up to several hundred dollars from the 
Social Security Administration if their families meet 
government-determined income guidelines 


sophisticated medical equipment and making judgments 
about treatment that only physicians and nurses made 
just 20 years ago? Is there enough space in the home for 
the cycling machine and bulky dialysate bags? Do work 
schedules and other family members’ needs allow the 
time to supervise dialysis for 10-12 hours each night? 
Would the parents simply prefer not to take on this 
responsibility, as is their right? A thorough examination 
up front of the many non-medical factors that affect 
treatment efficacy can help to prevent proceeding in a 
direction that is likely to fail, and the social worker can 
provide the family with anticipatory guidance regarding 
treatment choices. 


Ethical Issues 


Another area in which the nephrology social worker 
may serve as a consultant to the medical team involves 
ethical decisions. As mentioned earlier, patient and 
family desires and motivations can conflict at times, just 
as the goals, values, and opinions of members of the 
nephrology team can differ from those of the patient and 
family, or even those of other team members (Box 6-3). 

When disagreements as to treatment direction occur, 
the social worker can act as a consensus-builder by 
helping patient, family, and professionals explain their 
viewpoints to one another and explore all of the impli- 
cations of a decision. !! 


Macro-level Advocate 


The nephrology social worker can and should act as a 
macro-level advocate for patients and families. This 
involves advocating for resources and services to be 


Box 6-3 Examples of Frequent 
Ethical Dilemmas in Pediatric 


Nephrology 


e A family’s desire to pursue a living-related transplant 
for the child despite a medical condition that puts 
the donor parent at unusual risk of complications 

e An HIV-positive teenager’s desire to withdraw from 
dialysis support during the final stage of her life 
while her caregivers wish to continue treatment 

e A family’s pursuit of alternative therapies such as 
homeopathy in opposition to the medical team’s 
recommendation of dialysis 

e A parent’s wish to list her child for a cadaver kidney 
transplant despite the child having a developmental 
level that will remain below 12 months of age 


made available by the hospital and medical staff; by 
community-based agencies; and by public policy. Macro- 
level advocacy could involve seeking funds from the 
hospital’s budget to purchase computers to be used at 
each patient seat in dialysis, so children can do school- 
work during treatment; requesting insurance coverage 
for specific medications or equipment that are essential 
to renal patients’ well-being but are not included as 
covered items by most managed-care companies; push- 
ing school districts to provide homebound tutoring for 
children who are able to attend school only part-time 
due to health issues; or lobbying state legislatures not to 
lower the income limits for Medicaid, which serves as an 
insurance safety net for many pediatric renal patients. 
Providing this type of support to patients and families 
not only empowers them to advocate for themselves, 
raising self-esteem and bolstering self-sufficiency, but 
also gives them the tools they need to follow medical 
regimens and work together with physicians for the 
good of the patients’ health. 


Dialysis 
At the start of dialysis, assessment should be revisited. 

The particular challenges involved in dialysis must be 
addressed. Many of these issues will be unfamiliar to 
families and hard for them to anticipate without 
previously having had the experience of dialysis, which 
is a good reason for exploring them in an assessment 
update with a team member who has expertise in these 
areas.7° 

1. The size and condition of the living quarters 
become important if a family is considering home 
administration of continuous cycling peritoneal 
dialysis. 

2. Is there sufficient storage space for the bulky 
dialysate bags and other supplies? 

3. Can a room, or at least a portion of a room, be 
dedicated as the patient’s treatment area to insure 
hygiene and to accommodate the cycler? 

4. Is there adequate cleanliness throughout the house 
to prevent frequent infections? 

5. Are there household pets that should be restricted 
from wandering into the treatment room? 

6. Transportation to and from the dialysis unit is of 
key importance for a patient starting hemodialysis. 

7. Is there an adult available to accompany a younger 
child three times a week? 

8. Does an adolescent who is old enough to travel 
alone have access to specialized medical transporta- 
tion or know the public transportation route? 

9. Is the patient’s school aware that some classes may 
have to be missed on a regular basis to allow time 
for treatment, and how will this affect the young- 
ster’s academic performance? 
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Renal Transplantation 


This is such a specialized form of treatment that most 
ESRD programs require an in-person meeting with a 
social worker to review the challenges likely to be 
encountered at the time of and following the surgery. 
The important information that must be discussed prior 
to embarking upon either a living-related or cadaveric 
transplant is outlined in Figure 6-3. The social work eval- 
uation should be done in conjunction with a psycholog- 
ical evaluation that focuses on the mental health status 
and functioning level of patient and family. It is particu- 
larly important to highlight any issues that might impact 
on adherence to the post-transplant immunosuppressant 
medication regimen and thereby jeopardize the trans- 
planted organ. Together, these assessment tools can 
predict areas of potential weakness and allow supports 
to be put in place prior to surgery to maximize the possi- 
bility of a successful transplant. 

From a social perspective, familiarity with the follow- 
ing topics has proved especially useful in supporting 
transplantation: 

1. Assessing the patient’s and family’s knowledge of 
the transplant surgery and short- and long-term 
post-transplant care. 

2. Understanding the various roles assumed by 
different family members and exploring support 
that may be obtained from extended family, friends, 
neighbors, and other community members during 
the acute phase of surgery and recuperation. 

3. Reviewing any history of mental health issues or 
substance abuse that may recur or be exacerbated 
by the stress of a transplant and stand as a barrier 
to optimal patient care. 

4. Planning for a school absence of at least 6 weeks 
when the highly immunosuppressed transplant 
recipient should be shielded from exposure to 
infectious agents. 

5. Determining the financial impact on the family of 
the many expenses not covered by medical 
insurance (transportation to and from hospital and 
follow-up clinic, loss of income during transplant 
donor’s surgical recovery or time taken off from 
work by a parent to care for the recipient, 
medications excluded by the patient’s insurance 
policy). 


SOCIAL CHALLENGES AND 
INTERVENTIONS BY SYSTEM 


This is a detailed look at the many social challenges 
faced by renal patients and their families, as well as the 
potential interventions members of the medical team 
may initiate to enhance patient care. 
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Pre-Transplant Social Work Evaluation (from Division of Nephrology, The Children’s Hospital of Philadelphia) 


Patient name 


Date of birth Medical record # 


Date of evaluation Length of time 


Participants 


Evaluation administered by. 


I. Introduction 


A. Purpose of evaluation 
a. To assist families in assessing their social situation as it relates to successful planning for renal transplantation 
b. To assist families and medical team in delineating plan to address identified social needs 


B. Explanation of social work role 

Helping families assess their knowledge base concerning diagnosis, treatment options and treatment plan 
Helping families assess their support systems and needs prior to transplantation 

Assessing risk factors to medical outcome and interventions needed 

Assessing adherence history and planning interventions as needed 

Assessing and coordinating resources throughout care 

School transition planning 

Assessing need for further emotional supports for patient/family members 

Discussing boundaries of confidentiality 


sa -oo00D 


Il. Medical situation 
A. Medical diagnosis 
B. Plan for transplant (treatment options, alternatives, donation, timing of transplant) 
C. Medical course to date 
Iil. Family’s knowledge surrounding transplantation 
A. Understanding of medical diagnosis 
B. Understanding of treatment plan 
C. Understanding of transplant plan 
D. Understanding of transplant course 
a. Pre-transplant evaluation 
b. Transplant hospitalization 
c. Post-transplant care 
d. Kidney donation 
IV. Family composition 
A. Immediate family 
B. Extended family 
C. Primary and secondary supports 


D. Community/recreational supports 


E. Spiritual supports 


Figure 6-3 Pre-transplant social worker’s evaluation form used in the Division of Nephrology, 
The Children’s Hospital of Philadelphia. 
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V. Family health/mental health history 
A. Other health problems in family and changing responsibilities 
B. Mental health history/problems in family 
C. Cognitive deficits/issues in family that affect ability to understand/carry out care plan 
D. Substance abuse/addiction history in family 
Vi. Post-transplant caregiving arrangement 
A. Clinic visits and schedule 
B. Unexpected outpatient/inpatient visits 
C. Medication plan/adherence/supervision of patient's care 
Vil. Financial supports/insurance 
A. Employment situation 
B. Employment supports/stability 
C. Time off for transplant care 
D. Time off for recovery of donor 
E. Financial situation 


F. Financial implications of transplant 


G. Insurance 
a. Private insurance 
b. Medical Assistance (Medicaid) entitlement 
c. Social Security entitlement (SSI) 
d. Medicare entitlement 
e. Financial counseling available 
Vill. Education situation/plan 


A. Name of patient’s school 

B. Grade 

C. Important contacts 

D. Special educational services/supports in place 

E. School staff’s knowledge of transplant plan 

F. Plan for hospitalization 

G. Plan for homebound instruction following transplant 


H. Plan for transition back to school post-transplant 


Figure 6-3 Contd 
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IX. Resources available for emotional issues 
A. Social work 
B. Psychology/adherence specialist 
C. Psychiatry 
D. Local referrals 
E. Child life specialist services 
F. Hospital’s family resource center 
X. Educational literature available 
A. Mailing lists for transplant community materials 
B. Pharmacy literature 
C. Insurance literature 
D. Magazines/newsletters for transplant patients 
xI. Financial resources 
A. Charitable funds 


B. Transportation assistance 


xII. Discussed and agreed upon the following plan with family: 


Figure 6-3 Cont'd 


Family 
No system is more crucial to the well-being of a 
chronically ill child than the family. Research provides 
evidence that a positive family environment - one that is 
characterized by cohesiveness among members, low 
levels of conflict, and a place in which members feel 
comfortable directly expressing their emotions - can act 
as a buffer against the inevitable stress created by seri- 
ous, long-term illness.!8 Yet the demands on caregivers 
of pediatric renal patients are immense, making the main- 
tenance of a loving, conflict-free home life extremely 
difficult. The physical demands of home care are often 
exhausting.!? Parents are expected to perform medical 
treatments at home that can be either painful or fright- 
ening to children: 
e Giving growth hormone or erythropoietin injections 
e Changing catheter dressings 
e Administering nasogastric feedings or replacing the 
tubes 
e Supervising peritoneal dialysis 
e Policing their youngsters’ dietary intake, depriving 
them of treats available to their siblings and 
peers 
e Interrupting their routines several times a day to 
swallow unpleasant pills and liquid medications 


Time must be found to accompany patients to 
medical appointments and to handle home care - time 
that is not being spent with the spouse or other chil- 
dren. Because of the intricacies of home medical regi- 
mens, it may be difficult to find relatives or paid 
babysitters who are willing and able to give the parents 
any respite. 

The emotional demands of care-giving are equally 
burdensome. Decision-making can be wrenching when 
parents first learn about the challenges they and their 
child will face. During adolescence, acting-out behaviors 
may be most marked when limitations on independence 
and social life are most painfully realized.” !? Because the 
medical and ethical questions faced by families may have 
no right or wrong answers, these create nagging 
anxieties over the life-altering consequences of choosing 
one direction rather than another.’ It may take years for 
a parent to accept the impaired child they have, rather 
than the idealized perfect child and future every new 
parent hopes for; indeed, this acceptance may never be 
achieved. The never-ending anxiety of monitoring a 
child’s condition and being responsible for reporting 
symptom changes that could have major health 
implications takes its toll.!? Guilt and grief reactions may 
be provoked by a poor outcome of a particular decision. 
If the parents have chosen hemodialysis rather than 


peritoneal dialysis and there are vascular access prob- 
lems, this can cause guilt. A peritoneal membrane that 
does not function, the loss of an allograft, and especially 
death, can provoke guilt and grief reactions. 

It is important to communicate medical information 
about diagnosis, prognosis, and treatment options 
(Box 6-4). The family must be taught how chronic illness 
in general and the child’s particular renal disease can 
affect emotional development, behavior, and social func- 
tioning. They must be guided with strategies to restore 
balance and harmony to family life by reducing conflict, 
managing difficult behaviors, and taking advantage of all 
available support resources. Parents who are impeded 
from bonding with a sick infant by their own grief, for 
example, can be helped to understand that this reaction 
is normal and can be overcome with time and by focus- 
ing on the child’s positive attributes. They can be 
referred for peer support to other parents who have 
been through similar situations and are willing to share 
their experiences. !© Parents who are reluctant to place 
further demands on a sick child by disciplining inappro- 
priate behaviors can be counseled that limit-setting 
makes a child feel secure and less prone to act out, and 
they can be helped to devise limits that make sense 
within the context of the child’s physical condition.!! 


Mental Health 


When conflict and poor functioning persist for a 
patient or family over time, despite education and short- 
term supportive counseling, more specialized mental 
health treatment may be warranted. A patient or parent 
may have such severe anxiety or depression that inten- 
sive support is needed through individual therapy or the 
prescription of psychotropic medication. Family therapy 
is advised when destructive relationship patterns among 
family members may be entrenched. This becomes 
particularly evident when adherence to medication or 
other treatment is affected and decreases to the point of 
endangering the patient’s health.? 

Again, education is an important form of intervention, 
helping patients and families to understand the source of 
their difficulties and why the care of a psychologist, 
psychiatrist, or other individual or family therapist is 
important. The renal social worker can assess which 


Box 6-4 Effective Intervention within the 


Family System 


e Focus on education 

e Provide information 

¢ Encourage communication between the family and 
nephrology team 
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type and level of mental health care is needed. An adoles- 
cent who has threatened self-harm requires inpatient 
psychiatric hospitalization, for example, and with the 
patient’s and family’s agreement can be referred to an 
appropriate provider. Families in crisis often have diffi- 
culty negotiating the mental health system on their own 
to find high-quality, affordable providers whose expert- 
ise matches their needs. An ongoing collaboration 
between this provider and the renal team throughout 
the course of treatment is essential in order to maximize 
the positive impact it can have on the renal patient’s 
medical care. By regularly tracking the progress of 
mental health treatment, the team can determine the 
safety and efficacy of psychotropic medications in the 
context of the patient’s renal disease and other medica- 
tions; gauge the appropriate timing for new medical 
interventions or decision-making; and predict more 
accurately whether and how adherence to the medical 
treatment regimen is being affected. 


School 


Second only to family, school is the system of most 
importance to children and adolescents aged 5 to 18 
years. Many spend more waking hours in school and 
school-related activities than they do with family 
members at home. School is the arena in which many 
developmental tasks are played out: mastering a skill; 
interacting with peers and developing a social milieu; 
establishing a personal identity; moving towards inde- 
pendence from family; preparing for sexual roles and 
relationships.'’ Chronic illness can impede these tasks 
in numerous ways. Research shows that ESRD patients’ 
school adjustment is hindered by both poor academic 
achievement, which may be linked to subtle cognitive 
deficits resulting from long-term renal disease, and 
psychological factors.! Irregular school attendance may 
interfere with academic performance and formation of a 
peer group, thus setting up a cycle of school avoidance. 
Appearance abnormalities and other differences may 
prevent youngsters from identifying with peers or being 
accepted by them. Forced dependency due to physical 
setbacks may either prevent separation and individua- 
tion or provoke dangerous rebellion in the form of 
medical non-adherence. Relationships with the opposite 
sex may be delayed or non-existent. !7 

Care-giver attitudes are particularly important in main- 
taining optimal school attendance and performance.® 
Parents must be persuaded not to be too overprotective 
of children they perceive as vulnerable, as they may 
overtly or subtly indicate support for a child’s staying 
out of school. At the same time, they should be educated 
about the special services to which their children may 
be entitled due to medical problems, learning disabili- 
ties, or psychological and emotional issues. 
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Clinical Pearl 


Many teachers and school administrators may never 
have encountered a student who is a dialysis or trans- 
plant patient, and so may be unaware of the special 
needs that these conditions spawn. 


Educators may either unduly restrict a child’s partici- 
pation in school activities out of ignorance or fear, or 
push a child to meet expectations that are not realistic 
considering the effects of his or her illness or treat- 
ments. Many parents are unaware of the legal protec- 
tions for children with special needs that are in place. 
This includes early intervention through physical, 
speech, and occupational therapies for pre-school-age 
infants and children with disabling conditions. 


Clinical Pearl 


In 1990, the Individuals with Disabilities Education Act 
passed into law, providing federal funding to states to 
provide mandated special school services for eligible 
students. 


Perhaps the most effective intervention involving 
school is to hold a meeting with a medical team repre- 
sentative (social worker and/or nurse), parents, children 
who are old enough to participate, and school personnel 
including the classroom teacher, school nurse, any 
special education teachers or teachers of specialized 
curricula that may be affected (physical education, for 
example), and pertinent school administrators (princi- 
pal, guidance counselor). Literature explaining the 
child’s disease and treatment can be distributed at this 
time, and an appropriate academic plan can be devised. 
The medical representative can provide guidance regard- 
ing the child’s expected attendance level, limitations, 
and needed supports, such as homebound or supple- 
mental tutoring. Regular contact by the renal team with 
an identified point person at school can identify prob- 
lems that need intervention at an early stage and keep 
school personnel informed as to the child’s medical 
condition as it changes over time. In lieu of a meeting, 
correspondence outlining a child’s medical issues and 
treatment plan as they relate to school can provide 
parents with sufficient validation to negotiate with 
school staff on their own. Success in school produces 
a domino effect of increased self-esteem, decreased 
depression, and better adherence to medical treatments, 
so the investment of time and energy can be parlayed 
into better medical outcomes. 


Community Supports 


Chronic illness, and particularly renal disease, can be 
isolating. Changes in appearance or poor growth can 
make children and adolescents reluctant to socialize; the 


large amount of time required for medical care can limit 
the entire family’s involvement in school, extracurricu- 
lar, community, or leisure activities. But isolation can 
breed further withdrawal, depression, and a lack of 
support for overburdened parents trying to go it alone. 
Patients and families should be encouraged to main- 
tain contacts with community groups that have provided 
support in the past. Family friends, neighbors, religious 
groups, or other organizations with which parents have 
been affiliated in the past can prove to be invaluable 
resources both emotionally and in terms of concrete 
services such as financial aid and transportation assis- 
tance. Youngsters should be encouraged to confide in 
friends about their condition, rather than keeping it 
secret. They should continue as much as is physically 
possible to participate in esteem-building activities in 
athletics, the arts, or community service. Maintaining as 
many avenues as possible in which a child or adolescent 
can excel fosters a sense of accomplishment and pride 
that can go a long way toward countering the feelings of 
inferiority and shame that illness can engender. 


Finances, Insurance, and Employment 


The expense of healthcare for chronic renal disease 
can be extremely onerous for many families, even those 
with adequate income and insurance. When a child is in 
medical crisis, money may be the last thing on a parent’s 
mind. However, when the crisis has passed, families may 
find themselves in financial disarray. For those already 
living on a shoestring, missing the salary from even a few 
days off work in order to stay with a hospitalized child can 
result in catastrophe. Phone and electric services are shut 
off for non-payment, an employer may threaten to termi- 
nate employment, a landlord may even send an eviction 
notice. It is therefore important that all families be made 
aware early in the course of a child’s illness of all financial 
supports and legal rights to which they are entitled. 

In the private sector, employer-based group medical 
insurance is the mainstay support for paying medical bills 
that can, over the life of a renal patient, mount into millions 
of dollars. Parents should be advised to examine their poli- 
cies to determine what, if any, lifetime limits on payment 
exist. A consultation with the employer’s benefits special- 
ist should help workers fully understand their child’s cover- 
age, as well as the employer’s leave policies (Box 6-5). 

If an employee qualifies for Family Medical Leave, the 
time does not have to be taken consecutively; employees 
can take a day here and two days there to accompany 
children to medical appointments, for example. The 
FMLA guarantees that the employee’s job be kept open 
and that medical insurance continue throughout the 
leave period. It should be kept in mind, however, that 
this is unpaid time off. Parents should be urged to exam- 
ine their personal resources and, if necessary, should be 


Box 6-5 The Federal Family and Medical 


Leave Act (FMLA) of 1993 


Employees of at least 12 months’ standing at companies 
with more than 50 employees, in federal, state, and 
local government, or at public or private educational 
institutions are entitled to take up to 12 weeks of job- 
protected leave for every 12-month period of employ- 
ment in order to take care of a seriously ill family 
member. 


referred to a credit counselor or charitable organization 
for assistance. 

Public-sector entitlements are more generous for 
ESRD patients than perhaps any other chronically ill 
population. All patients who are on any form of dialysis 
or who have had a transplant become eligible for 
Medicare, which provides federally funded medical 
insurance that can act as primary coverage for those 
who are uninsured or supplemental coverage for those 
already covered by an employer-based policy. Parents 
should be directed to the closest office of the Social 
Security Administration, which administers Medicare, in 
order to apply for coverage. Additionally, free, state- 
administered Medicaid insurance is available through 
local public welfare offices for those youngsters whose 
families meet income guidelines; low-income families 
can also apply for Supplemental Security Income (SSD, a 
federal program providing monthly cash payments to 
patients who are determined to be disabled and whose 
families meet income guidelines. All of these entitle- 
ments require detailed information to be submitted by 
health care providers in order to justify patients’ eligibil- 
ity. It is important that physicians meet requests for 
information in a timely way to make sure families receive 
the maximum support allowed. 


Child Welfare Services 


At times, family limitations or difficulties may warrant 
the involvement of child protective services. Each state 
has a child welfare agency whose charge is to intervene 
in cases of abuse or neglect, including medical neglect. 
Parents may voluntarily seek or accept services or may 
be involuntarily required to participate. Reporting to 
child protective services is not optional for healthcare 
providers, who are required by law to contact their state 
agency in cases involving suspicion of physical or sexual 
abuse, verbal and emotional abuse, physical neglect by 
not providing adequate food, shelter, clothing, or super- 
vision, or medical neglect through failure to administer 
needed medications or follow up with a physician’s 
recommendations for appointments or procedures. 
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Clinical Pearl 


Reporting a family to child protective services is not an 
option for healthcare providers. They are required by 
law to do so in verified or suspicious circumstances. 


It is important to view the reporting process not as a 
punitive measure or a way to assign blame, but as a 
means for obtaining assistance for families under stress. 
Only under the most egregious circumstances are chil- 
dren removed from the home. In the majority of cases, a 
state-designated caseworker will work with parents to 
improve organizational and parenting skills while the 
family remains intact. The medical team would be likely 
to continue to have regular contact with the patient and 
family and, therefore, should seek to preserve good 
relations with the parents, despite the referral to social 
services. Many families respond positively when child 
welfare involvement is framed as a way to help them 
handle what is clearly a difficult situation, when it is 
explained that legal obligations allow the medical team 
no other option, and when they are told of the referral 
in advance rather than surprised by a knock at the door. 
Ongoing collaboration between the medical team and 
state caseworker can then help ensure that the medical 
plan is followed to the benefit of the patient. 


CONCLUSIONS 


Should medical professionals care about or get 
involved with their patients’ psychosocial issues? Does 
this involvement overstep boundaries? The demon- 
strated interplay between social well-being and medical 
outcome - particularly in the case of a lifelong, life-alter- 
ing illness such as renal disease - argues otherwise. 
Paying attention to social issues as a component of 
patient care - and, if possible, utilizing the services of 
a nephrology social worker as part of the treatment 
team - is often the tipping point for producing a result 
that patients, families, and medical professionals agree 
is beneficial for the patient. 
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INTRODUCTION 


Survival of children with renal disease has risen 
remarkably over the past 10 years, with the advance- 
ment of more effective medicines, improvement of 
dialysis treatments, and the viable option of renal trans- 
plantation. There is more of a focus on quality of life 
issues and the development of interventions to enhance 
the psychological adjustment of children with chronic 
health conditions, such as renal disease. Pediatric 
psychologists are increasingly being integrated in health- 
care settings; in areas such as pediatric nephrology and 
organ transplant centers. The availability of pediatric 
psychologists and social workers on multi-disciplinary 
teams enhances patient care, particularly for patients 
with complex psychosocial issues. Integration of 
psychosocial colleagues highlights a biopsychosocial 
perspective and emphasizes the importance of treating 
the whole person - mind, body, and behavior. 


FACTORS THAT AFFECT ADJUSTMENT 


Although many children are resilient and prevail in 
spite of adverse conditions, there are many elements 
that can derail the path toward healthy adaptation. 
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Factors associated with their medical condition, individ- 
ual characteristics of the child, and the family/social 
context, all have significant impact on the adjustment 
process for children with a chronic illness. All experi- 
ences have the potential to increase the risk for malad- 
justment or alternatively, to buffer the effects of stress 
associated with chronic illness. 

Although disease type or severity have not been 
consistently linked to adaptation, the combination of 
poor functional status and illness chronicity can 
increase frustration and impatience with the medical 
process. Children who have been hospitalized for a long 
time may have trouble focusing on the positive things 
that they left behind such as friends, hobbies, and their 
favorite playground. As their illness advances, children 
may develop a sense of hopelessness about the medical 
outcome and their future. It may become more challeng- 
ing for physicians to instill an optimistic outlook in their 
patients. But despite frequent exposure to medical 
events, the quality of children’s experiences in the hospi- 
tal setting has been found to have an important impact 
on children’s emotional and behavioral adjustment. 
Some patients seem to enjoy the time spent in the hospital 
despite having to undergo invasive medical procedures, 
because they may receive more attention and support 
from nurses, as compared to their home environment. 

The child’s age at critical points during the course of 
the illness - and particularly age at diagnosis - may affect 
the child’s ability to tolerate medical stressors and to 
develop effective coping strategies. Certain develop- 
mental transitions are generally coupled with increased 
stress (adolescent-parent conflict, beginning high 
school, transitioning to adult facility) for healthy young- 
sters, but may overwhelm an already fragile family struc- 
ture of chronically ill children. Becoming aware of the 
child’s cognitive, emotional and behavioral development 
during critical ages will help the pediatricians determine 
the level of explanation necessary to make information 
digestible for each child. 
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Children’s belief in the source of their health 
problems may moderate the extent to which medical 
stressors affect them psychologically. Indeed, children’s 
belief that “powerful others” (physicians and parents) are 
primarily responsible for their health may result in feel- 
ings of helplessness and lack of control. Other children 
have an internal locus of control and a strong sense of 
self-efficacy (the belief that one can effect the environ- 
ment to yield a beneficial or self-advantageous outcome). 
Physicians often perceive these youngsters as independ- 
ent, confident, and responsible in managing their illness. 
Although a positive belief system is generally considered 
a personal strength, children who always feel in control 
may be at risk for maladjustment (anger, loss of hope, 
internalized anxiety) if their efforts do not result in a posi- 
tive medical outcome. Children who have a strong sense 
of self-efficacy despite periodic disappointments, and 
take an optimistic, goal-oriented approach to deal with 
their concerns may be better adjusted. 

The family environment is instrumental in foretelling 
the psychological outcomes for children. Children rely 
on their parents to help meet their medical needs (attend- 
ing clinic appointments, purchasing medications, giving 
injections, assisting with peritoneal dialysis). In some 
instances, parental premorbid psychiatric histories (trau- 
matic experiences, chronic depression or anxiety, mari- 
tal discord, and family death) disrupt their child’s healthy 
development. Even though families will experience peri- 
ods of distress and disorganization during the course of 
their child’s illness, most families will rebound and stabi- 
lize to promote the ongoing care of their child. Thus, it 
is important that physicians view families not as generally 
dysfunctional, but rather as competent families that are 
experiencing severe stress and disruption associated 
with their child’s illness and treatment. 

Social support provided by the extended family, 
school, community, and medical team can buffer the 
potentially negative impact of both chronic illness and 
pre-existing psychopathology. Conversely, lack of social 
support has been associated with increased risk for 
maladjustment.® Children who grow up in a warm and 
caring support structure are more likely to feel 
competent and confident in being able to overcome the 
tragedies of a chronic illness, whereas children who do 
not have sufficient social support may feel isolated, 
afraid, and insecure in overcoming the burdens of illness. 


PSYCHOLOGICAL ADJUSTMENT DURING 
THE COURSE OF RENAL DISEASE 


Diagnosis to End Stage 


Children diagnosed with renal disease and their fami- 
lies have to adjust to a number of changes in their daily 
life. As children move through the stages - from initial 


diagnosis to dialysis to transplant and beyond - they 
display a variety of emotional and behavioral reactions. 
Learning that your child has been diagnosed with a 
medical condition is difficult for most families, who are 
generally in shock and take time to process and accept 
the news. Some families become angry in disbelief while 
others become sullen and internalize their emotions. 
Similarly, some children are anxious as they await a 
transplant and seek a lot of information while others 
prefer not to think about it and do not want to hear the 
details. Physicians should be prepared for all types of 
reactions from patients and their families. 

Reported rates of adjustment problems among chil- 
dren with renal disease are approximately 19 to 30%.!? 
When comparing children with kidney disease to 
healthy controls, elevated behavioral problems, lower 
social competence, and higher levels of internalizing 
symptoms (anxiety or depression) have been noted.* 
Patients who are first starting dialysis may be at particu- 
lar risk for psychological problems (66%) relative to non- 
dialysis patients and healthy control groups. However, 
adjustment improves after about 1 year on dialysis and 
stabilization of the medical condition. 

Parents of children diagnosed with renal disease face 
a number of stressors, which may disrupt the entire 
family structure. As many as 20% of mothers whose chil- 
dren were awaiting organ transplant reported clinically 
elevated levels of parenting stress.™!? Stressors expeti- 
enced by parents are related to the child’s deteriorating 
medical status and waiting for an organ match, manage- 
ment of complex treatment regimens, or being evalu- 
ated as a potential donor. Disruption to typical roles and 
routines, changes in financial and employment status, 
loss of social supports, and changes in future plans of the 
family are common stressors.>*4 


Clinical Pearl 


The diagnosis of chronic renal disease in a child has an 
impact on the whole family. 


In response to these disruptive changes, parents may 
become anxious, depressed, guilty, or angry. Because 
families have such an important impact on their chil- 
dren, poor parental adjustment has been linked to 
increased psychiatric and behavior problems in their 
children and lower adherence to the medical regimen.*” 
Parents who are overprotective and worry excessively 
may limit opportunities for peer interactions and school 
attendance, which compromises the child’s cognitive 
and social development. 

Alternatively, a stable family environment can buffer 
the stress of childhood chronic illness. Lower levels of 
parenting stress, family cohesion and expressiveness, 
and less family conflict influence children in positive 
ways. Children in more supportive and cohesive families 


display fewer behavior problems, lower rates of anxiety 
and depression, better adherence, and improved overall 
psychological adjustment.!2 A strong social support 
network can protect children by encouraging them to 
talk about their illness openly and model effective 
coping with stress.> Because parents are the primary 
source of social support for children, and supportive 
family environments are related to better outcomes in 
children, helping families identify additional supports is 
likely to benefit the child as well. 


Post-Transplant 


As the children’s physical health improves after the 
kidney transplant and they have more energy, parents 
note positive emotional and behavioral changes in their 
children. Children have a renewed sense of hope for a 
‘normal’ life full of school activities, social events, and 
academic achievement. Nonetheless, they face a new set 
of anxieties and stresses after the transplant, including 
adjustment to the strict medication regimen of immuno- 
suppressants and fears about possible organ rejection or 
infection. While families try to return to ‘normal’ adjust- 
ment in family roles and responsibilities occurs to 
accommodate the post-transplant care. 

Many parents also report improvement in their own 
mental health and better family functioning after their 
child’s transplant.’ However, 56% of mothers expeti- 
ence clinically significant levels of stress at 1 month post- 
transplant, and as many as 41% continued to report 
distress approximately half a year after their child’s 
surgery.® Mothers report financial and caretaker burden 
post transplant. Thus, even with notable improvements, 
parents continue to need psychological and social 
supports after their child has received an organ trans- 
plant.’ Identification of families’ psychosocial needs prior 
to transplantation helps target families who are at risk 
for maladjustment post-transplant for early intervention. 

Transition back to school after a prolonged period of 
absenteeism is so overwhelming for some children that 
they refuse to attend school. Children may be concerned 
about catching an infection, anxious about separating from 
their parents, lack confidence in their academic and social 
abilities, or worry about how other children will perceive 
them, especially given changes in physical appearance.!! 
Parents may contribute to the child’s anxiety about separa- 
tion if they are overprotective and may allow the child to 
stay home. A school re-entry team should be formed to 
successfully transition the child back into school.° 


Clinical Pearl 


Physicians must send a strong message to parents that 
it is important for their child to return to school, so 
they can learn, interact with peers, and develop 
independence.” 
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For a child with a chronic illness, school may be the 
only place where they can be a child rather than a 
patient and have some control over their environment. 
The school re-entry team can educate school personnel 
about how the child’s behavior and academic perform- 
ance may be impacted by the illness. Members of the 
medical team, particularly the renal social worker, can 
help parents advocate for the child’s academic, social, and 
psychological needs.” Peers can be positive influences 
during this process, and assist the child in adjusting to 
school by being supportive and accepting. And yet, due to 
ignorance about the nature of renal disease, some peers 
may avoid the child who has just returned to school out 
of fear that they may ‘catch’ the illness.? Educating 
students in the classroom about the child’s illness and 
making the child’s differences (physical appearance, 
academic delay) acceptable can ease the child’s transition 
back into school. 


DEVELOPMENTAL CONSIDERATIONS 


The child’s developmental level will affect their abil- 
ity to participate in decision-making and the extent to 
which the parents remain involved in their treatment. 
Younger children and children who are cognitively 
delayed may have difficulty understanding medical infor- 
mation and articulating concerns about their care, 
whereas older children and adolescents are better able 
to comprehend the concept of illness.!° For example, 
preschool children may believe that illness results from 
‘bad’ behavior, which may lead the child to feel guilty 
and perceive treatment as punishment. Children in 
elementary school may believe that illness results from 
germs and not following health rules, such as washing 
your hands before eating. Adolescents understand their 
illness is more complex than simply resulting from 
germs but may still not fully appreciate medical implica- 
tions of health risk behaviors. 

The cognitive effects of renal disease on child 
development and functioning will vary depending on 
age at disease onset, severity and duration of illness, and 
presence of other health conditions. Increases in urea 
can cause encephalopathy, which can result in reduced 
alertness, concentration, memory, and coordination. 
Infants and toddlers may have developmental delays that 
result from the neurological effects of renal disease and 
from limited opportunities to explore their environ- 
ment.!°-!3 Repeated hospitalizations may also impede a 
young child’s ability to form a secure attachment to the 
parents because the child frequently may be in the care 
of healthcare staff during the first few years of life.!4 
Fatigue, frequent hospitalizations, clinic appointments, 
or dialysis treatments may interfere with school-aged 
children’s academic development due to missed school 
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days. Also, reduced peer interactions limits children’s 
ability to learn age-appropriate social skills.!° An adoles- 
cent’s identity development and desire for autonomy 
may be impeded by social alienation due to school 
absenteeism, and the need for closer parental supervi- 
sion due to increased risk for non-adherence.!4 Changes 
in physical appearance caused by medication side 
effects may also affect how an adolescent is accepted by 
peers. 

Research suggests that children with renal disease 
perform as well as healthy controls on global measures 
of intelligence. Differences exist in specific areas, as chil- 
dren with renal disease perform lower on measures of 
abstract ability, visual-perceptual reasoning, visual-motor 
integration and immediate recall and memory.!° When 
comparing children with acquired and congenital forms 
of renal disease, no differences were found on measures 
of intelligence, academic achievement, behavior, and 
immediate memory. However, children with congenital 
conditions had more difficulties with long-term memory 
and fine motor coordination.! Following transplantation, 
children with renal disease show gains on measures of 
cognitive functioning, such as improvements in memory 
and learning, and ability to pay attention as compared to 
pre-transplant functioning.*:!!5 


PSYCHOLOGISTS’ ROLE ON THE RENAL 
TRANSPLANT TEAM 


Many transplant centers have integrated psychosocial 
screenings as part of their pre-transplant evaluation 
process. However, the inclusion of comprehensive, stan- 
dardized psychological evaluations for every pediatric 
transplant recipient is far less common. Transplant 
psychologists play a critical role as members of a multidis- 
ciplinary team - they help to clarify the psychological 
needs, assess emotional and behavioral readiness for 
surgery, and prepare families for the potentially stressful 
process. 

Psychologists also identify risk factors for medical non 
adherence and assess a patient’s motivation for life-long 
behavior change. After all, a patient’s involvement does 
not end with the transplant surgery. Patients must be 
ready - not just medically but also mentally, emotionally, 
and behaviorally - to accept the life-long commitment to 
manage the implications of renal disease. The conse- 
quences for transplanting patients who have not taken 
the process seriously can be devastating, at times leading 
to depression, non-adherence, and graft rejection. 

A comprehensive psychological evaluation includes a 
psychosocial interview with the patient and family, an 
adherence assessment, and a battery of standardized 
psychological questionnaires. The key domains of a 
psychosocial evaluation are summarized in Table 7-1. 


After the evaluation, psychologists make specific 
recommendations to the families and transplant team 
that may include but are not limited to: 

e Psychotherapy to work through issues that may 
impact adjustment (e.g., parent-child conflict, 
adolescent depression, adjustment to divorce or a 
family loss). 

e Intervention to improve adherence to medical 
regimen to ensure that they can handle the more 
complicated post-transplant regimen. 

e Behavior management for parents of young children 
who are oppositional, uncooperative, and have 
frequent temper tantrums. 

e Interventions to reduce anxiety about medical 
procedures. 

e Working with renal social workers to identify 
additional resources or social supports for the 
family. Although the broad goal for a transplant 
psychologist is to prepare patients for transplantation, 
the specific treatment goals are individualized to 
meet the needs of each patient and family. 
Following kidney transplantation, psychological serv- 

ices may be needed for a subset of patients. Even though 
the possibility of medical complications is relayed to all 
families, some have difficulty adjusting to unexpected 
complications. Children who are generally active and 
socially involved become frustrated if the recovery 
process is slower than they had anticipated. Children 
who were asymptomatic prior to transplantation have to 
suddenly adjust to the typical post-surgical physical 
discomforts and pain. Once discharged from the hospi- 
tal, patients remain at home for a period of 6 weeks, 
during which time they receive much attention - in the 
form of gifts, visits from friends and family, and 
emotional support. With time, this level of attention 
dissipates and children must return to school. Some chil- 
dren have difficulty during this transition and may bene- 
fit from working with a psychologist to support them as 
they readjust to school. 

In summary, a transplant psychologist’s role is multi- 
faceted and beneficial throughout the process - prior, 
during, and post transplant - depending on the needs of 
the child and family. 


PSYCHOLOGICAL CONSULTATIONS AND 
INTERVENTION 


Physicians are in a good position to identify children 
and families who need to be referred for psychological 
services. Families may report problems to and seek advice 
from physicians or physicians themselves may witness 
changes in the child or family unit that may need to be 
evaluated by a psychologist. Psychological consultations 
are warranted for, but are not limited to: significant 
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Table 7-1 Domains Assessed During a Psychological Evaluation 


Domains Sample questions for assessment 

Knowledge Age-appropriate understanding of diagnosis and treatment 
Accurate and realistic expectation for post-transplant care 

Acceptance Acceptance of medical diagnosis and treatment 


Decision-making 
Relationship with medical team 


Risk taking behaviors 


Adherence behaviors 


Patient adjustment 


Parent adjustment 


Family functioning 


Coping styles 


Social support 


Denial or minimizing of symptom frequency or severity 
Comfort with decision to pursue kidney transplant or 
Readiness to perform regimen tasks of dialysis treatment 
Quality of relationships (trust, empathy, support) 
Degree of communication (regular, open, honest) 

Safe sexual behavior among pre-teens and adolescents 
Substance use (alcohol, drugs, history of rehab) 
Significant legal history (detention center, foster care) 
Adherence with medication regimen 

Adherence with special diets 

Clinic attendance 

Emotion/Behavior (depression, anxiety, anger, acting out) 
Social (peers, siblings, other patients) 

School (attendance, academic performance) 

Parental psychopathology (depression, anxiety) 
Care-taker burden out (physical, emotional) 

Substance use (alcohol, drugs) 

Stressful life events (marital discord, recent move, death) 
Relationship with siblings (competition, attention-seeking) 
Family dynamics (supportive, available, stable, cohesive) 
Active, problem-solving, information-seeking style 
Passive, avoidant, withdrawn style 

Parental modeling of coping at home 

Perceived availability support when needed 


Breadth of support (friends, co-workers, community) 
Religious, recreational, and social activities 


behavior problems on the inpatient unit; uncooperative 
behavior precluding administration of medical proce- 
dures; ineffective coping with acute or chronic pain; 
persistent symptoms of depression or anxiety; poor 
adherence with medical recommendations; and 
increased family strain. Deciding whether to refer a 
patient may be difficult, but medical staff should err on 
the side of caution and discuss their observations with 
the team’s psychologist or social worker to determine 
whether further evaluation would be helpful. Identifying 
the family’s strengths and psychosocial risks and refer- 
ring for psychological intervention early is most helpful. 

All children and families will have some difficulties 
managing the illness, but when the problems are so 
severe as to interfere with daily functioning or the prob- 
lems continue longer than would be expected, then 
psychological services may be appropriate. A mother of 
a child recently diagnosed with chronic renal failure may 
develop signs of depression, such as trouble sleeping or 
changes in appetite. These symptoms are to be 
expected, given the trauma experienced by the mother. 
However, if a number of symptoms are occurring simul- 
taneously, the degree of distress is concerning to the 
mother, or the symptoms are preventing the mother 


from taking care of herself and/or her child, then 
psychotherapy for depression may be necessary. 
Another example would be a child who is exhibiting 
anxiety about possible kidney rejection following a 
transplant. Initial worry would be expected because of 
the potential threat that exists, but if the child’s anxiety 
persists for several months without improvement, then a 
referral to a psychologist is warranted. 

Convincing the family to seek a psychological evalua- 
tion and/or treatment is another challenge. Because of 
the social stigma associated with psychological services, 
many people react negatively to recommendations 
regarding mental health treatment. When introducing 
the idea of psychological services to the patient and 
family, the physician can alleviate negative feelings and 
perceptions. Emphasizing that the physician perceives 
the family as capable and competent (lowering resist- 
ance), but that adjusting to a child’s illness is challenging 
for many families (normalizing feelings). Explaining that 
other families have benefited from psychological services 
may help parents to be more accepting of the referral. 

An effective way to introduce a mental health profes- 
sional to a family is to explain that as a nephrologist you 
have expertise in taking care of their child’s renal 
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disease, and that you are seeking consultation or advice 
of psychologist in order to help their child with 
emotions (e.g., sadness, worrying, pain); not an area of 
your expertise. Presenting a referral in this manner 
yields a less defensive and more open-minded attitude. 
The focus is on the process of consultation rather than 
telling the parents that they or their child ‘need help’, 
which may pull for insecurity and anger in the parents. 
This approach maintains the core responsibility of the 
child’s care in the hands of the physician, whom the 
family trusts. 


CONCLUSIONS 


Children function within complex and overlapping 
systems, such as the family, school, community, and the 
hospital setting. These interrelated systems impose 
numerous demands and sometimes, conflicting expecta- 
tions on pediatric patients and their families. In order 
ultimately to achieve excellence in patient care, it is 
important to consider the children’s adaptation from a 
developmental biopsychosocial perspective. As pedi- 
atric nephrologists treat the physical aspects of the 
medical conditions, clinical psychologists and social 
workers can help to support the behavioral, develop- 
mental, social, and emotional adjustment of patients and 
families. Together, a well-integrated team can effectively 
manage the multifaceted impact of chronic renal disease 
on patients, families, and healthcare professionals. 
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INTRODUCTION 


Although speaking to patients is a daily activity for 
physicians, doing so well and effectively is often diffi- 
cult. Communicating with children and their parents 
poses special challenges. Not only do pediatricians need 
to manage the anxieties, concerns, and questions of 
parents who have been told that their child is ill, but 
they must also work with children who vary widely in 
their ability to understand and cope with medical infor- 
mation. The pediatric nephrologist is in an optimal posi- 
tion to impact patient adjustment and adherence, and 
yet the importance of the doctor-patient relationship as 
a resource is often overlooked.? The purpose of this 
chapter is to highlight the components of effective 
communication so that useful, productive, and mutually 
beneficial doctor-patient relationships are fostered. 


Clinical Pearl 


‘Communicating with patients’ should not be another 
task added to the list of things that physicians have 

to do. Rather, clear communication should be woven 
into a physician’s daily practice of diagnosis, treatment, 
and health promotion. 
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ESTABLISHING A POSITIVE 
RELATIONSHIP 


It is important that physicians establish a strong 
rapport with the patient and family at an early stage, 
based on trust, openness, and a partnership to work 
toward common goals of diagnosis and treatment. Such 
a rapport is fostered through positive interactions between 
patients and their physicians. An important contribution 
to a good patient-physician relationship is the manner in 
which information is delivered. Conversations should 
not be rushed, and should be in lay terms. The information 
must be developmentally appropriate for the patient. No 
matter how difficult the family or the physician’s day, 
empathy provided to families is necessary - and does not 
go unnoticed. 

Research on the delivery of information to families in 
intensive care units or providing a diagnosis of cancer 
consistently indicates that families value the quality of 
the information as well as the manner in which it is 
delivered.! Additionally, the quality of the relationship 
between the family and the medical team, the physician’s 
communication skills, and perceptions of the physician 
as warm and approachable are important influences on 
adherent behaviors.‘ For example, pediatric kidney trans- 
plant patients have attributed their non-adherence to 
insufficient information and communication about their 
illness, loss of trust in the physician, and feelings of 
dependence on the medical team. 

Effective communication involves giving clear infor- 
mation, responding to the patient’s reactions and their 
questions, and doing so in a context of openness and 
concern. Physicians should be cognizant of a family’s 
cultural values, coping styles, and the supports available 
to the family when establishing a working relationship 
with them. These factors influence how information 
should be delivered, how the information is heard, and 
how families based on this information make medical 
decisions. 
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Cultural values influence the choices that families 
make with regard to treatment, depending on how illness, 
death, medication, and transplantation are viewed in their 
culture. A family’s religious values may also strongly 
influence their willingness to accept a kidney transplant, 
and whether they would allow members of the family to 
be donors. The ethnic, cultural, and religious framework 
of each family may also dictate who is present to receive 
information and who is available to provide support. For 
some families, extended family members are as involved 
as nuclear family members; for others, families may value 
having a clergy member present when discussing diffi- 
cult information. It is helpful for physicians to understand 
how the patient’s cultural and religious values intersect 
with medical decision-making in the early stages of devel- 
oping a relationship. This understanding and a focus on 
the family’s strengths can help to minimize misunder- 
standings that can create tension within the patient- 
physician relationship. 

Family dynamics, the personality style of each family 
member, and the coping skills on which each member 
relies during times of stress also influence communica- 
tion between the family and the physician. As physicians 
come to know families over time, they learn about how 
families cope with difficult news, how they react to 
stressful situations, and how they make medical deci- 
sions. Some families or members of families become tear- 
ful while others become angry. It may be difficult to assess 
the reactions of those who remain quiet when hearing 
difficult news. These reactions should be interpreted in 
light of the seriousness of the discussions. For example, 
being told that their child has elevated blood pressure is 
different for parents from being told that their child is in 
kidney failure and will soon need a transplant. 

Early in the relationship physicians should try to find 
out from families: 

e How they like to receive information. Do they 
prefer to hear everything even if it creates anxiety, 
or would they like a summary of the main 
developments in the child’s medical status? 

e How do they typically react to stressful situations 
(e.g., withdraw, cry, take action)? 

e What tends to be helpful at these times (e.g., obtain 
additional information, increase support)? 

The physician can then ask other members of team 
(e.g., a nurse practitioner, psychologist, and/or social 
worker) to provide the necessary supports. 


DEVELOPMENTAL CONSIDERATIONS 


The relationship between healthcare professionals 
and patients evolves over time, often times coinciding 
with changes in the patient’s medical, developmental, 
and cognitive status. Because of the chronicity of many 


renal diseases, the team sees the patients develop physi- 
cally, emotionally, and socially, just as parents watch 
their children grow. Therefore, times of transition (e.g., 
adolescence, transplantation, or transfer to adult facility) 
are difficult periods not only for the patient’s family but 
also for the medical team. Children’s needs, goals, and 
abilities to process information and participate in their 
treatment changes over time, and so pediatricians should 
adjust the level of communication and interactive style 
accordingly. 

Communicating effectively with children can be 
challenging, but it is important and can be done well 
if a developmental perspective is kept. The pediatrician 
must focus on the age-appropriate needs of the patient. 
Children experience the world and respond to the 
concept of illness and death in different ways at different 
developmental stages. The following summary outlines 
the key characteristics of each developmental stage. 


Toddlers 


Children at this age understand what hurts and what 
does not, what feels good, and what feels bad. They need 
honest reassurance and the use of words that are age- 
appropriate. For example, a dialysis team gave the names 
of popular cartoon characters to the dialysis catheter 
lumens of a 3-year-old patient so that she understood to 
what they were referring when they were hooking her 
up. Explain procedures in simple, concrete terms - for 
example, “This medicine is to help your tummy feel 
better.” Children at this age need only to understand 
what is happening in the moment because they do not 
have any true sense of time, nor will they understand 
how what is happening currently fits into the ‘big 
picture’ of their care. The focus of communicating with 
toddlers is to generate trust so that they can understand 
what is happening at the moment when their coopera- 
tion is needed. 


School-Age Children 


Children at this age are concerned about practical 
issues (e.g., will they be home in time for the holidays, 
or can they play in the baseball game on Friday) and 
want to know when they will be ‘normal’ again. Some 
children may feel guilty or responsible for their illness, 
usually as a result of a misunderstanding about what 
causes the disease. Procedures should be explained to 
them before they occur in concrete terms. Whether the 
child will miss school is another important issue to 
address. It is helpful to emphasize to the child and the 
parent the importance of remaining in school and main- 
taining responsibilities at home. Encourage children of 
this age to ask questions so that any misconceptions can 
be clarified right away. 


Adolescents 


Most teenagers are able to understand the details of 
their illness, but how they react to or act on that infor- 
mation may vary, as teens do not always behave consis- 
tently. Teenagers struggle to balance their health needs 
against their social agendas and their increasing bids for 
independence. It should be recognized that, for many 
families, adolescence is when the responsibility for the 
day-to-day management of a chronic illness switches to 
the child. It is helpful to talk to adolescent patients with 
and without their parents present. Try to engage chil- 
dren of this age in their treatment. They are more likely 
to cooperate if they trust the physician and believe that 
the physician respects them. As children develop into 
teenagers, they may have new questions about their 
illness that reflect their advancing cognitive skills and 
the new priorities that accompany the developmental 
shift to adolescence. Physicians should not be surprised 
that they will have to repeat information previously given, 
and adjust the information for the more mature child 
now in front of them. 


PRACTICAL SUGGESTIONS FOR 
IMPROVING COMMUNICATION 


Whether the conversation is being held with patients 
or parents, there are some general guidelines that will 
help physicians to lay a solid foundation for effective 
communication. Common pitfalls that healthcare profes- 
sionals encounter in their interactions with families are 
listed in Box 8-1, followed by strategies for improving 
communication. 


Box 8-1 Common Pitfalls to Effective 


Communication 


¢ Starting with ‘medical talk’ rather than first 
establishing rapport 

e Focusing on the parents and ignoring the child in the 
room 

e Not truly listening to the patient’s experience, 
thoughts, and feelings 

¢ Reacting emotionally, rather than responding to the 

patient’s needs 

Being overly optimistic rather than instilling a 

realistic sense of hope 

e Getting into a power struggle with the patient by 
disagreeing, threatening, or scaring 

e Not stopping to assess if and what the patient heard 

and understood 

Delivering one-sided information rather than 

encouraging active involvement 


Patient-Physician Communication 65 


One must avoid euphemisms when speaking to 
patients and families, and not be overly optimistic. 
Although instilling a sense of hope in patients is impor- 
tant, providing false hope or not specifying reasonable 
limits for hope can cause patients and their families to feel 
as though the physician has been dishonest with them. 
Even when done with the best of intentions, being unre- 
alistic will erode the patients’ trust. Trust is difficult to 
regain, and may result in an inability to relate effectively. 

Similarly, one must not make promises that cannot be 
kept, whether promising a treatment outcome or unre- 
alistically assuring a family that a procedure will be done 
at a specified time. Even if the care-giver believes there 
is control over those things, emergencies arise and sched- 
ules get rearranged. Families come to count on the physi- 
cian, and if what is promised is not delivered they may 
be more skeptical when promises are made in the future. 

One must assume that the information has not been 
fully understood, remembered, or accepted no matter 
how intelligent the person, particularly when giving 
upsetting news. Even information that seems straightfor- 
ward or that seems clear at the time it is given will likely 
need to be repeated more than once. This is particularly 
true if the information is complicated, or requires the 
patient to do something differently such as changing the 
medical regimen, or is difficult for the patient to hear. The 
recipient of the information should be asked to summa- 
rize what he or she has been told to check understand- 
ing and correct any misconceptions and false hopes. 
Presenting the information in different forms including 
verbal explanations, written brochures, and drawings is 
helpful. 

All healthcare professionals should be aware of their 
own reactions to patients before beginning any conver- 
sations. Hiding emotions may be difficult with some 
patients, but showing disappointment, anger, or frustra- 
tion may leave the patient feeling inadequate, hopeless, 
or afraid that they have failed. Getting into a power 
struggle with a patient or using scare tactics generally 
has a detrimental affect on the relationship, even if it 
appears as if the patient is in agreement at the time of 
the discussion. Many patients want to appease their physi- 
cian to gain approval or avoid a negative reaction, but 
may not necessarily follow-up with suggestions if they 
feel threatened. 

Some patients develop a close bond with their 
nephrologist, and may not want to interact with anyone 
else. Others develop a tense, mistrustful relationship with 
their physician and welcome a fresh approach, prefer- 
ring to work with other members of the team. It is impor- 
tant for a physician to be aware of the quality of the 
relationship that colleagues have with a particular patient. 
This can help to anticipate situations and be better 
prepared for a patient or family’s reaction when walking 
into an examination or hospital room. 
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Clinical Pearl 


Members of a medical team must agree on the treat- 
ment for a patient to ensure that clear, consistent 
messages are transmitted to the family. 


DISCUSSING DIFFICULT TOPICS 


Physicians have to talk to their patients about very 
difficult topics that require thought and sensitivity, 
including revealing a diagnosis and discussing a signifi- 
cant change in the course of treatment, such as the need 
for dialysis or transplant. At some point in their career, a 
pediatrician has to discuss end-of-life issues with a young 
patient. This is something no one would opt to do if given 
a choice. Even the most seasoned physicians may still 
have trouble talking through these issues with families. 
This difficulty can be related to anxieties about having to 
reveal the information, personal reactions to the infor- 
mation, or fear of the patient or family’s reaction. It is 
helpful to have a plan or strategy for approaching conver- 
sations about difficult topics so that the stress related to 
them can be managed (Box 8-2). 

There are basic considerations that can help struc- 
ture these conversations and provide a map for getting 
through them. 

e Where will this conversation be held? The setting 
must be in private. As few people as possible 
should be present. Unless there is an emergency, 
information that is potentially devastating to patients 
and families should never be given over the phone. 

e Who should participate in the conversation? 
Consider which members of the family should be 
involved. Decide whether it is appropriate for the 
pediatric patient to be present for the discussion. In 
some instances, the physician should first meet with 
the parents and then meet with the patient. It may 
be helpful for a social worker or a psychologist to 
be present during the conversation to help facilitate 
the processing of the information. 


Box 8-2 Useful Tips for Navigating 


through Difficult Conversations 


¢ The family must have privacy 

¢ The physician must be prepared for a strong 
emotional reaction 

¢ The physician must speak frankly, warmly, and 
sensitively. 


Box 8-3 Pace 


e Plan the setting 

e Assess the family’s knowledge or experience with 
the diagnosis and treatment 

e Choose strategies that best meet the needs of the 
family 

¢ Evaluate the family’s understanding of what you have 
told them. 


e How is the information delivered? The importance 
of body language cannot be underestimated. There 
is a difference between a physician who tells a 
family their child needs to transition to dialysis 
while standing up in the middle of the examination 
room, compared with a physician who sits down 
with the family while she or he gives the news. The 
family might perceive standing as an indication that 
the physician is rushed or is uncomfortable about 
discussing this issue. The family is more likely to 
believe they can ask the sitting physician questions. 
It is important to ask parents during these 
conversations about their understanding of what is 
being said, to encourage questions, and to 
summarize all of the major points of the 
conversation. It is suggested that physicians 
PACE themselves through difficult conversations 
(Box 8-3).! 


A NEW DIAGNOSIS 


Having to tell a family that their child has a chronic 
kidney condition, or that the disease has progressed to a 
new level, is difficult for both the physician and the family. 
Families may initially be in shock and non-responsive or 
alternatively, may have intense emotional reactions. It can 
be difficult to sit with a family who is experiencing such 
turmoil. Regardless of the type of chronic illness that 
was diagnosed in a child, families focus on the way in 
which they were informed of the diagnosis and the qual- 
ity of the information given to them at that time.! It was 
found that families reacted most negatively to receiving 
the diagnosis over the phone while they were alone at 
home or at work, or heard the news in the presence of 
strangers such as hospital roommates, or received inade- 
quate information. 

Importantly for physicians, families are able to distin- 
guish the intensity of their own reactions to the infor- 
mation presented from their impression of the physician 
who revealed that information, and the way the process 
unfolded.! That is, families can appreciate and benefit 


from supportive and sensitive responses from their physi- 
cians, even when it appears that they are too distraught 
to do so. 


Clinical Pearl 


It is important that physicians understand that the 
intensity of the reaction is usually to the news itself, 
and rarely to the messenger delivering it. Therefore, 
doctors should not personalize intensely emotional 
reactions from patients or parents. 


It is essential for physicians to follow-up with patients 
and families after the initial conversation. As they get 
used to the news, families usually have more questions 
and may need to have misconceptions or misunderstand- 
ings clarified. 


DISCUSSING TREATMENT OPTIONS 


Clinical and laboratory data often indicate the best 
treatment course, but for families who must accept a 
treatment, decisions may not be clear-cut. It may be 
frustrating for a physician whose patients make choices 
that he or she is certain are not in their best interests. 
However, patients may do so because of cultural or reli- 
gious beliefs. They may have a different set of priorities 
than their physician, such as balancing the needs of the 
whole family as compared to the needs of one child. Or 
their decision may be based on what they perceive to be 
unacceptable aversive components of the recommended 
treatment, such as sterility caused by cyclophosphamide. 
The physician’s role is to provide patients and families 
with as complete and as accurate information as possible 
regarding the recommended treatment, its implications, 
and its side effects. The physician must also discuss alter- 
native treatments and the possible outcomes of no treat- 
ment. The patient or family must be permitted to make 
the decision that is best for them, recognizing that it may 
not always fit with medical advice or the physician’s 
personal beliefs. The physician must assess whether or 
not they are acting in the best interests of their child. 
In some instances of conflict over treatment it may be 
helpful to have an ethics conference to formulate an 
acceptable plan that is in the best interests of the child. 
In occasional cases it may be necessary to report the 
child and family to a youth protection agency. 


HANDLING END-OEF-LIFE ISSUES 


One of the most difficult things that any physician 
ever has to do is to tell a child or her family that he or 
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she is going to die. Using a developmental framework 
can help guide physicians through discussions about the 
terminal nature of an illness and to anticipate how chil- 
dren understand such information. For example, a 6-year- 
old tends to see the world simply in terms of good and 
bad, and may perceive death as a punishment for bad 
behavior. They are likely to blame themselves for what is 
happening and make attempts to ‘avoid’ death by being 
good - not understanding that the cause of death is 
medical and not behavioral, and that death is inevitable 
and irreversible. A child this young would try to hide 
their feelings but may regress, acting more immaturely 
and exhibiting signs of aggressive behavior. 

A 14-year old girl may understand that death is 
universal and unavoidable in a terminal illness, but as a 
teenager she may see herself as invincible. Adolescents 
can simultaneously feel fearful and fascinated with the 
idea of death and may try to ‘tempt’ death. This devel- 
opmental stage is characterized by inconsistent behavior 
and intense emotional reactions such as depression, 
anger, and guilt. 


Clinical Pearl 


It is extraordinarily difficult, but physicians must 
discuss death with their pediatric patients. 

Children need to be allowed to confront and prepare 
for death and to say goodbye to their loved ones. 


Parents, siblings, and extended family also may exhibit 
a range of responses including disbelief, anger, and great 
sorrow. Some may have difficulty accepting the news 
and may ‘bargain’ with the physician for more time, or 
encourage the physician to search for yet another treat- 
ment option. The doctor must understand that these 
reactions - which may feel very personal at the time - 
are not usually directed at the physician but at the news 
that the doctor has revealed. It may be helpful for a 
doctor to consult with a clergy member, or other member 
of the healthcare team with whom the family has formed 
a relationship, or a social worker, nurse practitioner, or 
psychologist before giving the news. These people may 
help to assist the doctor while delivering the news and 
to provide additional support for the family. Families 
appreciate a doctor’s ability to be empathic and sensitive 
and also his or her help with deciding among the end-of- 
life decisions that must be made. 

For many families, the exact words used to convey 
information during difficult conversations are less impor- 
tant than how the news was delivered and how they 
were taken care of when they were in states of shock, 
anger, or grief. Some suggestions for facilitating these 
conversations with children and their families are listed 
in Box 8-4. 
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Box 8-4 Suggestions for Facilitating 


Difficult Conversations 


e Be available 

¢ Don’t avoid the child or the topic 

e Pay attention. Observe and listen 

e Face your own feelings of loss and grief before 
helping the child and family 

e Create an atmosphere that fosters support and invites 
questions 

e Encourage expression of grief as a normal process by 
talking, painting, writing 

e Acknowledge that this is difficult and that it hurts 

e Allow expression of emotions such as crying, yelling, 
resistance 

e Respect a child’s need to grieve at any time 

¢ Keep in mind that the child’s priorities during grief 
may not be same as yours 

° Do not single these children out or give special 
privileges 

¢ Age-appropriate reading materials may help open 
communication 

¢ Find support groups if it would be helpful to process 
and normalize feelings in a group setting 


Although it is important that information be accurate 
and complete, it is equally important for the physician 
faced with the task of delivering difficult news to focus 
on how the information is delivered, and to respond 
empathically. 


CONCLUSIONS 


Although good communication should be a part of 
everyday practice, it is not something that should be 
assumed or taken for granted. It takes practice to 


integrate the strategies described above and to recognize 
the common pitfalls that impede the working relationship 
between doctors and their patients. It is worthwhile to 
remain cognizant of how one interacts with families and 
how they respond, as the better one’s working relation- 
ship, the more likely families are to follow one’s advice 
and to ask questions when they are confused. This 
enables a doctor to help and to treat patients and fami- 
lies more effectively and thereby optimize medical care 
and outcomes. 
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INTRODUCTION 


Non-adherence with medical regimens is a well- 
documented problem among pediatric patients. 
‘Adherence’ is defined as the extent to which patients’ 
behaviors such as medication-taking, following special 
diets, and modifying habits coincide with medical or 
health advice. The term has been modified from the 
previously used word ‘compliance’, which implied a 
judgment on a patient who “...did not comply with the 
doctor’s orders.” Children with chronic renal disease 
have to adhere to complex medication regimens, dietary 
restrictions, and clinic attendance. As patients progress 
to end-stage renal disease, they may have to add time- 
consuming dialysis treatments to their routines, which is 
often disruptive to regular social and family life. Whereas 
chronic dialysis treatment or even mortality was 
inevitable for children with renal disease several decades 
ago, transplantation is now a viable alternative with 
potential for improved quality of life. Transplantation is 
a more cost-effective treatment option for renal patients 
than is dialysis, but only if the kidney graft remains viable 
for more than 2 years.’ 

Although survival rates continue to rise for most 
pediatric renal transplant patients, the process of trans- 
plantation is far from simple. Transplant recipients are 
faced with the life-long responsibility of implementing 
medical regimens that are complex, demanding, and 
emotionally burdensome, often taking a toll on the child 
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and family. Whereas optimal adherence can stabilize 
patients’ medical condition, slow down the disease 
process and prevent organ rejection, poor adherence can 
result in graft loss and even mortality.2!! Non-adherence 
has also been associated with the overuse of healthcare 
services, including more frequent re-admissions, longer 
hospital stays, and increased hospital costs. Additionally, 
non-adherence poses dilemmas when considering the 
shortage of available organs and the associated costs of 
transplantation, and also raises questions about the relia- 
bility of clinical trial data.>!° Despite the serious implica- 
tions of erratic adherence, non-adherence rates among 
pediatric patients are estimated to be 50%. 


FACTORS AFFECTING NON-ADHERENCE 


Adjusting to a novel and complicated medical regi- 
men is expectedly overwhelming, time-consuming, and 
stressful. With time, many families are able to incorpo- 
rate the regimen into their daily routine. For a subset of 
the families however, adjustment to change in routine 
and integration of a new regimen remains an enormous 
challenge. A number of empirically supported psycho- 
logical, behavioral, physical, medical, and systemic corre- 
lates of non-adherence have been identified. 

Specific aspects of the illness and treatment course 
play a significant role in adherence rates. Disease-related 
factors such as the duration and course of illness, symp- 
tom severity, and physical discomfort as well as type, 
complexity, and efficacy of the medical regimen can 
affect both a child’s and family’s acceptance of the 
treatment.!> The side effects of medications (e.g., acne, 
weight gain, trembling) may lead to insecurities about 
appearance, and subsequent inconsistent adherence in 
an effort to minimize the side effects.? Children who are 
younger, developmentally and/or cognitively delayed, and 
patients with attentional difficulties may have trouble 
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understanding or remembering specific aspects of the 
regimen. 

Individual characteristics of each patient can influ- 
ence their ability to follow through on recommendations. 
Psychological factors such as mood (i.e., depression, 
anxiety, pessimism), behavioral problems, denial of illness, 
or the need to minimize its severity, and differences in 
coping styles are sometimes related to low rates of adher- 
ence.’ Children’s general adaptive functioning and 
specifically, communication and socialization skills may 
affect the level of treatment adherence among children 
with renal disease, both prior to and post transplantation. 

Because children’s needs, interests, concerns, and 
skills change, pediatricians must consider healthcare 
behaviors within the context of their patients’ develop- 
ment. Adolescence in particular can be a tumultuous, 
conflict-ridden time, and adherence during this develop- 
mental stage tends to decline while the risk for behav- 
ioral and emotional maladjustment increases.!> Normative 
developmental changes that make adherence a particu- 
lar challenge for adolescents include increasing desire 
for independence, a sense of immortality, a decrease in 
parental influence on values and behaviors, and greater 
concern about appearance and social acceptance. 
Pediatricians can imagine how a teenage boy who is feel- 
ing invincible and rebellious may respond when asked to 
follow a structured and inconvenient plan, particularly if 
the immediate benefits are not clear to him. Early identi- 
fication and prevention of factors that influence psycho- 
logical adjustment and adherence need to be major goals 
for programs for transplant adolescents. 

There has been a more recent focus on racial and 
socioeconomic factors related to poverty, unemploy- 
ment, and limited insurance benefits and their influences 
on medication adherence and clinic attendance.?!8 
Associations between regimen factors i.e., pill size, 
medication taste, and complexity of the regimen) and 
adherence were stronger and more consistent among 
African-American patients than European-American 
patients.!7 Differences among ethnic groups in motiva- 
tion and perceived control as they relate to adherence 
affect adherence behaviors among different ethnic 
groups. !® It is important that physicians are sensitive 
to the different struggles families of various ethnic 
backgrounds encounter when managing their child’s 
medical care. 

Finally, children with chronic illness function within 
several systems - the family, school, community, and 
medical team. The impact of these contexts, particularly 
the family, on patients’ health-related behaviors could be 
enormous. Among pediatric kidney transplant recipi- 
ents, family cohesion, expressiveness, and communica- 
tion, and parenting stress have been shown to influence 
psychological adjustment and post-transplant adher- 
ence.°® For dialysis patients too, poor adherence has 


been related to family stress and conflict over responsi- 
bilities.’ In general, parental attention and regular moni- 
toring of medication taking in a supportive manner can 
buffer the potentially negative impact of burdensome 
medical regimens. 


MEASUREMENT CONSIDERATIONS 


One of the main obstacles to the accurate and reliable 
identification of adherence problems is the shortage of 
appropriate assessment tools. Unfortunately, there is no 
available ‘gold standard’ in the measurement of adher- 
ence, leaving physicians and other healthcare providers 
to estimate non-adherence based on the means they find 
accessible, affordable, and convenient. Assets and liabili- 
ties of various types of adherence measures are listed in 
Table 9-1. Each approach has appealing qualities to the 
clinician, and yet all have their limitations.'*!5 There is 
no single measure that is sufficient to capture accurately 
the extent or the nature of adherence difficulties. 
Therefore, an integration of several methods into a multi- 
component assessment is highly recommended for 
healthcare providers working with youth with renal 
disease. 

One way to assess adherence is through semi- 
structured interviewing, in combination with exam- 
ination of objective adherence indicators. The Medical 
Adherence Measure (MAM) is a comprehensive semi- 
structured adherence interview developed by the primary 
author. It has four modules, which assess adherence to 
medication, diet, exercise, and clinic attendance, which 
are domains applicable across chronic illness groups. 
Each module includes structured questions about knowl- 
edge of the medical regimen, self-reported adherence, 
any organizational system used to ensure adherence and 
obstacles that may result in non-adherent behaviors. 
Sample items and responses that physicians may expect 
from their patients are listed in Table 9-2. 

Although self-report tends to overestimate adherence, 
administering the measure after rapport has been estab- 
lished and presenting questions in a non-accusatory 
manner encourages truthful responding. For example, a 
physician may begin the conversation with “Jason, I 
would like to talk with you about your experiences in 
taking the medications I prescribed. I know that taking 
so many medications is hard, especially for someone as 
active as you are in school activities. I would like to learn 
which medications are easy for you to take and which 
ones you find difficult, so that we can work on it 
together.” This introduction sets the stage for an open 
discussion by acknowledging the difficulty of the regi- 
men, recognizing that the child is attempting to lead a 
developmentally appropriate life, and leaving room for 
the patient to share experiences and challenges. The tone 
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Table 9-1 Assets and Liabilities of Adherence Measures (Adapted from Rapoff!>). 


Measure Assets 


Drug assays Can verify drug ingestion 
Permits adjustment of drug levels 


It is a quantifiable measure 


Pharmacy refills 


Can be repeated to collect data over time 
Unobtrusive for the patient 


Diet diaries/phone 
interviews same time 


Can obtain repeated measures 


Feasible to conduct 

Inexpensive 

Can be used to validate patient’s estimates 
Feasible to conduct 

More accurate than patient self-report 
Correctly identifies only adherent patients 


Pill counts 


Provider report 


Patient report Feasible to conduct 


Objective measure of access to the medications 


Can obtain information on multiple diets at the 


Accurate if patient asked in non-judgmental way 
e Allows for continuous report on their own behavior 


Liabilities 


Subject to variations in metabolic absorption 
Provides short-term information only 

More invasive and expensive 

Patient may use multiple pharmacies 

Time consuming to collect 

Does not provide information on actual consumption 
Burdensome and expensive 

Must rely on patient/parent recall 

Difficult to use reliably with younger patients 


Provides consistent contact with the healthcare team 


Relies on patients to return unused medications 
Overestimates adherence 

Does not measure consumption 

Overestimates adherence 

Accuracy not a function of provider training 

or experience 

Good for global estimates but not specific 
non-adherence areas 


Overestimates adherence 
Subject to reporting bias and memory problems 
Not feasible for patients who are younger or delayed 


of the discussion should be one of partnership between 
the physician and the patient - working together to 
improve adherence with the prescribed regimens. 

It is important to use at least one measure based 
on more objective data to collaborate adherence infor- 
mation reported by patients and parents. Meyers and 
Zelikovsky developed the Biomedical Marker Adherence 


Score (BMAS) that allows a pediatric nephrologist to rate 
adherence based on clinical data. The recorded serum 
levels are compared to the range expected if a patient 
had been adherent to the prescribed dosage. When the 
actual laboratory value falls within 80 to 120% of the 
expected range, an adherence score of O is assigned, 
signifying that the patient’s serum values do not differ 


Table 9-2 Sample Adherence Questions in Each Domain 


Domain Sample Question Sample Responses 
Knowledge e Can you tell me what medications you’ve been ¢ I'm bad with names. The little white pill is... 
prescribed? The huge one that’s hard to swallow.... 
e What is each one for? ¢ I'm not sure; my mom knows. 
Behavior ¢ In the past week, how many times have you missed ¢ A few...not sure (try to think back)...about four 
your prednisone? times because those days I play basketball. 
e What time of day are you most likely to forget your e I tend to miss my afternoon meds because no one 
medication? is home. I do take my evening ones, but late 
because I’m out. 
Obstacles ¢ What are some reasons you miss your medications? ° Sometimes, I go to my friend’s house and forget 
to bring them. Plus, the prednisone...makes me fat! 
e What’s difficult about the low-sodium diet? e Everything has salt...there’s nothing I can eat. 
It’s a pain. 
Organization e Where do you store your medications? ¢ They’re all on the kitchen counter, but stuff gets 
piled on top of them. 
¢ How do you keep track of what you have taken? ° I just remember. But sometimes I see that the one 
from the morning is still in the pillbox. 
Support ¢ Who does the shopping and cooking for your e My mom does both. (Do you go with her?). Not 


special diet? 
Does anyone accompany you to your clinic 
appointment? 


really, and she forgets to get the snacks I like. 
My mom. Sometimes my dad comes for important 
meetings. But usually just my mom. 
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substantially from the expected range. If the value falls 
40-80% below the expected range, a score of -1 will be 
assigned. If the laboratory value falls 120-140% above 
the expected range, a score of +1 will be assigned. 
Similarly, if the observed values fall 0-40% below or 
160-200% above the expected range, scores of -2 and 
+2 will be assigned, respectively. 


Clinical Pearl 


e Adherence is not a dichotomous concept - consider 
the degree of adherence on a spectrum.! 

e Reports of missed doses may be more accurate than 
patients’ reports of doses taken.!® 

¢ More accurate information can be obtained if a time 
frame is specified, preferably 7 days. 


THEORIES THAT INFORM ADHERENCE 
INTERVENTIONS 


There are multiple theories of adherence that drive 
assessment and intervention protocols. A thorough 
discussion of those theories can be reviewed in Rapoff. 1’ 
The Health Beliefs Model (HBM) and the Stages of 
Change Model have been two of the most influential 
theories in the development of intervention strategies to 
improve adherence rates among children. 

The HBM emphasizes that patients’ beliefs have a 
significant impact on the actions they take with regard 
to their medical treatment. The HBM proposes that the 
probability of a patient following medical advice is a 
function of their perception of their disease severity and 
the risk it poses, the benefits and consequences of 
following the medical advice, the barriers to doing so, 
and the internal or external cues that prompt them to 
action. Therefore, adherence is not viewed as a given, or 
even necessarily expected outcome, because patients 
are viewed as individuals who will make choices. This 
model was adapted for pediatric populations to include 
recognition of the role that parental beliefs and attitudes 
play in influencing their children’s health beliefs. 
Patients who perceive their treatment to have benefit to 
them are more likely to be adherent, while those who 
perceive more obstacles or threats are found to be more 
non-adherent. 

A second vein of research focuses on the ‘stages of 
change’ associated with adopting a new health 
behavior.!>!6 The first emphasis of this model is that 
there are five stages that specify when changes in atti- 
tudes and beliefs are associated with changes in behav- 
ior, which are described in Table 9-3. The Stages of 
Change model is helpful in that it delineates the stages of 
readiness through which patients must navigate as they 
manage their illness, and provides medical staff with an 


Table 9-3 Stages of Change Model 


Pre-contemplation Patient is not prepared to make changes or 
follow their regimen within the next 


6 months 


Contemplation Patient more aware of the benefits of 
adherence - but also more aware of the 
costs involved. Resolve to make positive 
health-related changes may be tenuous 

Preparation Patient is prepared to do what is necessary 


as they believe the benefits of following 
their regimen outweigh the costs 
Action Patient has been following the regimen for 
less than 6 months 
Patient has incorporated the regimen into 
their lifestyle 


Maintenance 


understanding as to ‘where the patient is’ when it comes 
to their thought process and healthcare behaviors. 

The second emphasis of this model is the process by 
which these changes occur. For instance, patients at the 
pre-contemplation stage are going to need a great deal of 
intervention in order to successfully follow their regi- 
men. Being told that one must change one’s behavior 
(e.g., start restricting fluid or change the diet) and that 
one must do so immediately is not likely to result in 
successful change for patients in the pre-contemplation 
stage. These patients have not started thinking about 
complying with such requests, and certainly have not 
prepared for the implications of these behavioral 
changes on their life. On the other hand, patients who 
are in the preparation stage need assistance developing 
a specific plan and problem-solving of potential obsta- 
cles to ensure that they are ready to adhere to their treat- 
ment recommendations. Regardless of the stage, patients 
need to be supported through the process of change and 
the type of intervention that will be effective will be 
dependent on their current stage in this process. !? 


Clinical Pearl 


e Physicians must take into account patients’ beliefs 
about their health status and medicine. 

e Patients’ readiness for change is a process - and one 
that can unfold slowly. 

¢ Adherence changes over time. It is not a static 
condition. 


INTERVENTIONS: HOW DO WE 
ENHANCE ADHERENCE? 


Although the factors that influence adherence are 
increasingly understood, how to best respond to patients 
who are having adherence difficulties is an area that still 


requires extensive research. What is clear is that no one 
intervention is going to be a ‘best fit’ for all patients. A 
careful assessment of adherence behaviors and areas of 
difficulty for each patient is necessary in order to design 
and implement interventions that can successfully 
promote adherence. 

There are three categories that encompass the major- 
ity of adherence interventions currently in use.!? The 
first are educational interventions. These programs aim 
to improve adherence by teaching children and families 
about the nature of their disease and the routines asso- 
ciated with the treatment recommendations. The rela- 
tionship between the illness and the treatment regimen 
prescribed, including the effects of non-adherence on 
the disease process is also addressed. Education requires 
more than simply telling patients what they must do - 
more complicated parts of the regimen should be 
modeled (.e., administration of Epogen injections on an 
orange), and time allotted for the patient to practice 
those components. Repeating this process over several 
sessions is helpful for many patients, especially patients 
who are younger or cognitively delayed. 

Even though physicians may have a solid working 
relationship with their patients, some families may be 
non-adherent simply because they misunderstand or do 
not recall the child’s regimen. Patients, on average, recall 
two to three recommendations made by medical providers 
and sometimes ‘remember’ recommendations that had 
not actually been made. Therefore, another consideration 
for ensuring adherence is how the information is deliv- 
ered. Instructions should be given in simple and explicit 
terms (i.e., “take - for - days, even if symptoms decrease”), 
and delivered in several forms (i.e., oral, written, visual 
representation). Instructions should be developmentally 
appropriate. For example, some children may benefit 
from a picture of a pill so that they can remember it 
by color and size, whereas adolescents may respond 
better to a computer program that educates them about 
medication-taking. 

The second category guiding adherence interventions 
are organizational strategies, which focus on the regimen 
itself and altering it to promote adherence. Of course, 
such changes should take place within the context of a 
collaborative relationship between the patient, the family 
and the medical staff in order to formulate a treatment 
plan that is both feasible and medically appropriate. 
In an effort to minimize resistance and keep patients 
actively involved in their treatment, patients should 
participate in the decision-making process whenever 
medically reasonable. For example, providing adolescents 
with a range of options that are all medically sound may 
give them a sense of control over choosing the best 
option for him/her, and may thereby increase the 
chances that the patient will actually follow through on 
the recommendation. 
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Regimen complexity has been associated with non- 
adherence. Reducing the number of medications or 
altering the time of day at which they are to be taken 
may be helpful. Rates of non-adherence can increase 
from 10-15% for one drug to approximately 35-50% 
when up to five medicines are added to the regimen. 
Incorporating organizational strategies is often benefi- 
cial, particularly for families that are overwhelmed and 
disorganized. Simplifying the regimen when possible, 
limiting medications with severe side effects, and reduc- 
ing patient discomfort by prescribing a different form 
(smaller pills, liquid form) may improve adherence for 
some patients. Requiring all patients to develop an 
organized system for storing and keeping track of their 
medications at home (i.e., weekly pill box, storage loca- 
tions that will serve as visual reminders) is absolutely 
necessary to ensure optimal adherence. 

Finally, bebavioral interventions aim to improve 
adherence by targeting specific behaviors for change. 
Behavioral contracting between patients, parents, and 
their physician defines the patient’s mutual participation 
and responsibility for achieving the goals of treatment. 
Behavioral interventions incorporate rewards and incen- 
tives to increase rates of adherence. Some programs that 
treat younger children have patients earn tokens for 
following treatment recommendations, which can be 
exchanged for gifts or movie rentals. Making privileges 
such as computer or phone time contingent upon respon- 
sible medical care is more appropriate for older children 
and adolescents. 

For patients who tend to be forgetful about their 
medications, using stimulus cues or reminders in the 
patient’s home and school environments can be an 
effective behavioral strategy. Such prompts should be 
individualized and may include notes on the refrigerator, 
watch alarms, and special calendars. Similarly, reminders 
may be helpful for families who frequently miss clinic 
appointments. Research suggests that adherence with 
scheduled appointments is significantly better when 
patients receive their scheduled appointment time 
before leaving clinic than when scheduling their own 
appointments after leaving clinic. Sending out appoint- 
ment reminder cards, a common practice for dentists, is 
another way clinics can increase attendance. 

Addressing psychological factors that may impact 
adherence (e.g., depression, low self-esteem due to 
medication side effects, ambivalence about transferring 
to an adult facility) is often a focus of behavioral inter- 
ventions. Because children and adolescents function 
within a family system, maladaptive family interactions 
G.e., family conflict, poor communication) must also be 
discussed when non-adherence with medical regimens is 
evident. A chronic illness in one member of the family 
impacts each of the other members in a variety of ways. 
Typical relational issues that emerge when children 
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Box 9-1 Top 10 Tips for Enhancing 


Adherence 


1. Maintain an open and honest partnership. 

2. Establish small realistic goals. 

3. Provide a range of acceptable options from which 
to choose. 

4. Take into account the family’s daily schedule and 
routine. 

5. Keep the prescriptions simple and concise. 

6. Deliver instructions in clear, explicit form(s) and 
repeat them. 

7. Evaluate the patient’s understanding and 
recollection of the instructions. 

8. Use gradual implementation for complex regimens 
in small manageable steps. 

9. Identify reminders in patient’s environment 
(alarms, phone calls, notes). 

10. Involve all systems (family, psychosocial staff, 

school personnel). 


become adolescents may be magnified. Interventions that 
sustain parent involvement, and at the same time mini- 
mize parent-child conflict are the interventions with the 
greatest likelihood of promoting treatment adherence.’ 

In summary, interventions for long-term health 
conditions tend to be complex and labor-intensive. 
Furthermore, not all of the interventions that are effec- 
tive for improving adherence tend to have a positive 
impact on medical treatment outcomes. In a review 
of studies addressing adherence among children and 
adolescents, behavioral interventions were found to be 
most helpful, particularly when the interventions were 
linked to specific treatment components.!° The educa- 
tional, organizational, and behavioral strategies that are 
most effective in improving adherence with medical 
treatments are outlined in Box 9-1. 


CONCLUSIONS 


Non-adherence to medical regimens is a major 
public health concern as it has been linked to increased 
healthcare utilization, the loss of transplanted organs, 
and poor health outcomes for children. The effects for 
individual children and families - and the toll taken on 
the physicians who care for them in terms of time and 
frustration - can be considerable. Understanding the 
factors that contribute to non-adherence is critical if we 
are to develop interventions that will increase the likeli- 
hood that patients will be adherent. Although research 
in the field of adherence with children with renal disease 
is still developing, it is clear that the problem is one that 
must be addressed. Physicians should be cognizant of 


the medical, psychological, social and developmental 
factors that impact on adherence, the difficulties in 
accurately assessing rates of adherence, and the types 
of available interventions for patients with adherence 
difficulties. Although the field as a whole needs to spend 
time more thoroughly investigating these issues, individ- 
ual physicians can make an impact by actively seeking to 
collaborate with their patients such that optimum health- 
care is achieved. 
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Patient Education and Social Considerations 


INTRODUCTION 


Infants, children and adolescents with renal diseases 
require close nutritional management to optimize growth 
and development. This often requires dietary modifica- 
tions, including the alteration of phosphorus, sodium, 
potassium, protein, and fluid intakes. Flexibility and 
resourcefulness are needed to achieve even partial adher- 
ence to these dietary changes in individual patients. The 
dietitian must establish a rapport with the child and with 
the primary care-givers, priorities within the diet must 
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be explained, and limit-setting techniques must be 
explained. Adherence with dietary modifications is 
enhanced through good communication with the family, 
simplification of regimens, concrete explanations and 
ongoing evaluation of the family’s understanding. 


Clinical Pearl 


Nutrition assessment and ongoing evaluation of 
nutrition status is an integral and indispensable part of 
pediatric renal care. 


ASSESSMENT OF NUTRITIONAL STATUS 


Children with kidney disease require frequent nutri- 
tion assessments to analyze diet, assess growth parame- 
ters, and evaluate growth chart trends (Box 10-1). 


The Medical History 


This includes the principal diagnosis, list of problems, 
current renal replacement modality, and/or treatment. 


Box 10-1 Requirements of a 
Comprehensive Nutrition 


Assessment 


e Careful medical, social, and family history 
e Accurate anthropometric data 

e Diet recall 

e Review of gastrointestinal symptoms 

e List all medications 

e Evaluation of laboratory studies 
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Anthropometric Data 


Growth parameters are measured on a regular basis. 
The use of wall-mounted stadiometers or length-boards 
is essential for accurate recording of height/length. The 
weight, height/length and head circumference (HC) (for 
all children aged under 36 months) are plotted on charts 
standardized for sex and age.'* Additional parameters 
include percentage of standard height for age, ideal body 
weight (CBW), percentage of IBW, usual body weight 
(UBW), percentage of UBW, and body mass index (BMD. 
Mid-arm circumference (MAO), triceps skin fold (TSF), and 
mid-arm muscle circumference (MAMC) are compared 
with values from healthy children of the same age and 
sex (Box 10-2). 


Social and Family Histories 


Social and family issues must be addressed during 
the nutrition counseling process. Adherence to nutrition 
recommendations can be affected by income, time, and 
comprehension skills. (See section on patient education.) 


Dietary History 

Taking a 24-hour diet recall is one way to determine 
food intake. However, there are limitations to this method 
as the previous 24 hours may not represent typical intake; 
there may be difficulty remembering details or portions; 
and information may be omitted. Asking for the usual 
food intake may give a better idea of what is typically 
eaten in a day, but this has the same limitations as a 
24-hour recall. When applicable, a 3-day food record can 
provide more detailed diet information, although patients 
may alter their usual eating habits because their intake is 
being recorded. 


Gastrointestinal Issues 


Gastrointestinal conditions that influence fluid and 
food intake are nausea, vomiting, constipation, diarrhea, 
gastroesophageal reflux, stool pattern and, in patients on 
peritoneal dialysis, abdominal fullness. 


Box 10-2 Ways to Evaluate the Age 


of a Child 
Chronological The age of the child in years and 
age months 
Height age The age at which the child’s 
height crosses the 50th percentile 
Bone age The epiphyseal maturation of the 
wrists and hands 


Medications 


All medications and the times they are taken should 
be noted. Their influence on dietary intake and the dietary 
intake’s influence on the absorption of the medication 
should be evaluated. Medications that are often used 
by children with renal disease include sevelamer 
(Renagel®), calcium carbonate (Tums®), calcium acetate 
(Phoslo®), calcitriol (Rocaltrol®), ferrous sulfate, pred- 
nisone, bicarbonate or sodium citrate, Prilosec® (omepra- 
zole), Reglan® (metoclopramide), Zantac® (ranitidine 
HCD, and Lasix® (furosemide). Recombinant erythro- 
poietin (rhEPO; Epoetin®) and growth hormone (rhGH) 
are given by injections. Calcium acetate, sevelamer, and 
calcium carbonate are taken with meals for phosphate 
binding, and the latter is taken between meals for calcium 
supplementation. Children often dislike the taste of 
calcium carbonate and bicarbonate or sodium citrate. 
Bicarbonate and sodium citrate cause gastric bloating. 
Ferrous sulfate can cause constipation. 


Laboratory Studies 


All of the following must be noted: blood urea nitro- 
gen (BUN); serum concentrations of sodium, potassium, 
chloride, bicarbonate, creatinine, calcium, phosphorus, 
and magnesium; and hemoglobin, hematocrit, serum 
cholesterol, and serum triglycerides. Serum cholesterol 
is elevated in patients with nephrotic syndrome and is 
often elevated in chronic renal insufficiency (CRD; it 
may also have serious potential effects on the heart. 
Serum albumin is decreased in patients with nephrotic 
syndrome, and its synthesis is decreased with inflamma- 
tion and acidosis. The prealbumin is degraded by the 
kidney and may be falsely elevated in kidney disease. 


NUTRITION INTERVENTION AND 
THE FORMULATION OF A DIETARY 
PRESCRIPTION 


Recommendations are offered for age-appropriate 
increases in weight gain and length. Suggestions are 
made to help correct abnormal laboratory values. Advice 
is offered for enteral and parenteral nutrition concerning 
calorie, protein, fluid, vitamin, and mineral requirements. 


Calorie Needs 


The recommended dietary allowance (RDA) is used 
to determine calorie needs in infants less than 1 year 
of age (Table 10-1). The WHO equation (resting energy 
expenditure (REE) multiplied by an activity factor) 
(Tables 10-2 and 10-3) or RDA is used to determine 
the calorie needs for children aged more than 1 year 
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Table 10-1 Recommended Daily Allowance (RDA) for Energy and Protein During Childhood 


Group Age (years) 
Infants 0-0.5 
0.5-1.0 
Children 1-3 
4-6 
7-10 
Males 11-14 
15-18 
Females 11-14 
15-18 


Energy (kcal/kg/day) Protein (g/kg/day) 
108 202 
102 1.6 
98 E2 
90 VA 
70 1.0 
55 1.0 
45 0.9 
47 1.0 
40 0.8 


(Table 10-4). Calculation of the ideal energy intake can 
be achieved using a number of methods (Box 10-3). 

Determining estimated caloric needs requires clinical 
judgment, and modifications are made depending on the 
response. Providing optimal calories from carbohydrate 
and fat helps to spare protein in CRI (Table 10-5). 


Clinical Pearl 


Modular supplements, such as Duocal® (SHS, North 
America) provide additional calories with a minimal 
increase in the renal solute load. 


Additional data are needed to assess energy expendi- 
ture in children with renal failure. The RDA was devised 
for healthy children, and therefore may not be applica- 
ble to all children with renal insufficiency in whom 
height might be a better standard than weight or age for 
calorie needs. 


Protein Needs 


Protein is often restricted to preserve kidney function 
in adult patients with CRI. However, because children 


Table 10-2 WHO Equation for Resting Energy 


Expenditure (REE) 


Age (years) Keal/day 
Males 

0-3 60.9 W - 54 
3-10 22.7 W + 495 
10-18 17.5 W + 651 
18-30 15.3 W + 679 
Females 

0-3 61.0 W-51 
3-10 22.5 W + 499 
10-18 12.2 W + 746 
18-30 14.7 W + 496 


require protein for growth and development, protein 
allowances should not be less than the RDA for the 
child’s age. And yet, for children who eat well, this may 
seem like a restriction. 


Clinical Pearl 


Intake of high biological value (HBV) protein with all of 
the essential amino acids is encouraged (chicken, beef, 
fish, eggs). 


RENAL CONDITIONS THAT REQUIRE 
SPECIFIC NUTRITIONAL ADVICE 


Acute Renal Failure (ARF) 


Nutritional support is important to maintain lean 
body mass, stimulate repair and immune functions, and 
to decrease the mortality rate in ARF.4 Malnutrition is 
an important contributing factor to the high mortality 
and morbidity associated with ARF in pediatrics.?° 
Nutritional support is an important and accepted part of 
the management of ARF because ARF affects fluid 
balance, disturbs electrolyte and acid-base balance, and 
alters the metabolism of proteins, carbohydrates, and 
lipids (Box 10-4). 


Table 10-3 Activity/Stress Adjustment Factors 


REE x 1.3 
REE x 1.5 


Well-nourished at bed rest; mild to moderate stress 

Normally active child with mild-moderate stress 

Inactive child with severe stress (trauma, sepsis, 
cancer) 

Minimal activity and malnutrition requiring catch 
up growth 

Active child requiring catch-up growth 

Active child with severe stress 


REE x 1.7 


REE = resting energy expenditure. 
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Box 10-3 Calculation of Energy 


Requirements 


Ideal calories for chronological age based on RDA 
RDA for calories for the height age 

Holiday-Segar method first 10 kg 100 kcal/kg; second 
10 kg 50 kcal/kg; and 20 kcal/kg thereafter 

Catch-up growth (kcal/kg = RDA x IBW/Current 
weight) 

¢« WHO equation for measurement of resting energy 
expenditure (REE) multiplied by an activity factor 


Patients should be given enteral feedings whenever 
possible because this helps to support intestinal func- 
tion. However, whenever this is not possible, parenteral 
nutrition must be given. Energy metabolism remains 
normal in patients with uncomplicated ARF, whereas 
oxygen consumption and resting energy expenditure 
increase by at least 30% when ARF is associated with 
sepsis or systemic inflammation. Hypercatabolism of 
protein is a central feature of ARF. Protein breakdown 
from muscle occurs because of insulin resistance, meta- 
bolic acidosis, and release of enzymes and cytokines 
from activated leucocytes. Prior malnutrition, if present, 
and renal replacement therapy, contributes to the 
increase in catabolism. Increased release of amino acids 
from muscle and impairment of production of some 
amino acid by the kidneys leads to increased hepatic 
gluconeogenesis and ureagenesis. The hyperglycemia 
associated with ARF is mainly the result of perturbations 
of the insulin-glucose axis. These changes include: 
peripheral insulin resistance with increased plasma 
insulin levels; decreased insulin-stimulated muscle 
uptake of glucose; increased hepatic gluconeogenesis; 
and defective muscle glycogen synthesis. Impaired 
lipolysis results in an increased triglyceride content of 
the plasma lipoproteins. The HDL-cholesterol levels are 


Box 10-4 Factors Determining Metabolic 
Changes in Acute Renal Failure 


(ARF) 


e Severity and type of ARF 
e Type and intensity of renal replacement therapy 
e Underlying disease process 


decreased and LDL- and VLDL-cholesterol levels are 
increased. The intake of fluid, sodium, potassium, calcium 
and phosphorus often require modification, and are indi- 
vidualized according to the type of ARF and the patient’s 
fluid and electrolyte status. Children with ARF require 
between 1.0 and 1.5 g/kg protein intake per day, depend- 
ing on the catabolic state. The amount of protein must 
take into account losses incurred by dialysis. 

Carbohydrates and lipids should act as the major 
energy sources; a glucose intake of up to 5 g/kg/day, and 
lipid intake of 0.5-1.0 g/kg/day are acceptable. This 
energy supply should have a carbohydrate to lipid ratio 
of 50-60%/40-50%, with a maximum total energy intake 
up to 45 kcal/kg/day. Children undergoing dialysis also 
require supplemental water-soluble vitamins.” 


Chronic Renal Insufficiency 


The primary objectives of nutritional management in 
children with CRI are to try to slow the progression of 
renal disease and to prevent the metabolic abnormalities 
of renal failure while supporting normal rates of growth 
and development.’ Meticulous nutritional care of infants 
is of utmost importance, as CRI can severely impair 
growth and development. Most children have growth 
retardation, and many are malnourished when they 
present with CRI (Box 10-5; Table 10-6). 


Table 10-5 Useful Modular Supplements 


Supplement Kcal Carbohydrate Protein Fat 
Duocal® 42 per tbsp 60% hydrolyzed corn starch N/A 40% (65%) refined vegetable oil 
Promod® 28 per scoop <10% >71% whey protein 19% soy lecithin 

17/per tbsp 
Polycose® liquid 2 per ml 100% glucose polymers N/A N/A 
Polycose® powder 23 per tbsp 100% glucose polymers N/A N/A 
Microlipid® 4.5 per ml N/A N/A 100% (50%) safflower oil emulsion 
MCT oil 7.7 per ml N/A N/A 100% fractionated coconut oil 
Rice cereal 12.8 per tbsp 89% 7% 4% safflower oil 
Margarine/butter 102 per tbsp N/A N/A 100% LCT 


LCT = long-chain triglyceride; NA = not applicable. 


Box 10-5 Causes of Malnutrition in 
Children with Chronic Renal 


Insufficiency (CRI) 


e Anorexia 

e Altered taste sensation 

e Feeding disorders 

e Gastroesophageal reflux 

e Medication-nutrient interactions 
e Hormonal derangements 

e Metabolic derangements 


Optimal nutritional support does not fully correct 
the derangements in growth and body composition 
in CRI, but inadequate nutrition impairs growth and 
development. The level of renal impairment must be 
factored in when a nutritional prescription is formulated 
(Table 10-7). 

The recommended energy intake as indicated by the 
RDA reflects the mean healthy population requirement 
for each age and gender group (see Tables 10-1 and 10-4). 
In children with CRI, the dietary prescription needs to 
provide adequate calories for optimal growth and devel- 
opment without exceeding the excretory limits of the 
kidneys for other nutrients.!! An assessment of the 
energy and protein requirements requires an under- 
standing of protein-energy interactions in growing chil- 
dren. Inadequate energy intake has a negative impact 
on nitrogen balance so that at intakes close to 
protein-energy balance, a 5% increase in energy intake 
has an effect on nitrogen retention equivalent to a 10% 
increase in protein intake. This is known as the ‘protein- 
sparing effect’. The optimal energy intake for children 
with CRI is not known, but this should be equivalent to 
the RDA.!> Additional energy intake is required if there is 
an intercurrent illness and/or poor weight gain. rhGH 
and rhEPO also enhance growth. Dietary protein intake 
is significantly greater in patients receiving rhGH, 
despite no change in nitrogen excretion.!> Protein 
intake can be restricted to the RDA without compromis- 
ing growth, as long as adequate energy is supplied. 
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Table 10-6 Indicators of Malnutrition 


Indicator Change 

Length or height Decreased 
Weight Decreased 
Weight to height ratio Decreased 
Head circumference Decreased 
Lean body mass Decreased 
Fat mass Decreased 
Extracellular water Increased 
Skeletal maturation Delayed 

Sexual development Delayed 

Protein turnover/muscle protein synthesis Decreased 
Muscle protein catabolism Increased 
Serum protein, albumin, and transferrin Decreased 


Clinical Pearl 


¢ The current recommendations for calories and protein 
are to provide the RDA level for age and gender. 

e A safety factor is included to provide the nitrogen that 
is needed for growth and for individual variability. 


Many infants with obstructive uropathy have tubular 
dysfunction that manifests with polyuria, acidosis, and 
salt wasting. Adequate fluid and salt intake must be 
provided, and acidosis must be corrected to prevent 
growth failure. Cow’s milk is detrimental in infants 
because of a high solute and protein load that can cause 
intravascular volume depletion, hyperphosphatemia, 
acidosis, potential gastrointestinal bleeding and an inad- 
equate nutritional profile.!° Salt may need to be restricted, 
however, if there is a progressive decline in renal func- 
tion, or if there is edema or hypertension.° The standard 
infant formulas can be used if the serum potassium or 
phosphorus concentrations are not elevated. Solid foods 
can be introduced in the usual manner. When salt restric- 
tion is required, foods high in salt content should be 
minimized, and 1-3 g of salt can be given per day. The 
judicious use of diuretics may allow less salt restriction 
and permit a more palatable diet. Potassium restriction is 
usually not required until the glomerular filtration rate 
(GER) is below 10 ml/min/1.73 m?.? With decreasing 


Table 10-7 Levels of Glomerular Filtration Rate (GFR) and Associated Metabolic Changes 


GFR Secondary Depletion of Muscle 
(ml/min/1.73 m7”) Renal Function Growth Velocity Acidosis Hyperparathyroidism and Fat Stores 

>60% J +} + ct 0 

25-60% da T + + z 

<25% IW L + + +/+ 
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Table 10-8 High-potassium Foods to Avoid 


Fruits Vegetables Others 
Avocado - 14 Artichoke Bran/bran products 
Banana - 4% Broccoli Chocolate - 50-75 g 
Cantaloupe Brussels sprouts Granola 
Dates Carrots - raw Milk (all types) - 1 cup 
Dried fruits (all types) Dried beans/peas Molasses - 1 tbsp 
Figs Escarole Nutrition supplements - unless 
Honeydew Greens, except kale recommended by your dietitian 
Kiwi - 1 Kohlrabi Nuts and seeds - 35 g 
Mango - 1 Lentils/legumes Peanut butter - 2 tbsp 
Nectarine - 1 Lima beans Salt substitute/lite salt 
Orange - 1 Mushrooms - canned Yogurt 
Papaya - 4% Parsnips 
Prunes Potatoes (all types) 
Raisins Pumpkin 
Juices of these fruits (orange and prune) Rutabagas 
Tomatoes 


Tomato products 
Vegetable juices including salt free juice 
Winter squash (acorn, hubbard) 


GFR, each intact nephron excretes a greater fraction of concentration is constantly above 5 mEq/l (Table 10-8). 
filtered potassium, and the secretion of potassium by the In addition, low-potassium milk formulas, low-potassium 
gut also increases. Loop diuretics and prevention of foods (Table 10-9) and Kayexalate® (polystyrene 
acidosis also helps to prevent hyperkalemia. Potassium sulfonate) are prescribed when the serum potassium 
intake must be restricted when the serum potassium concentration is elevated. 

Table 10-9 Low-Potassium Foods 

Fruits Vegetables Other 

*Limit to 2-3 Servings/Day *Limit to 2-3 Servings/Day *4 or More Servings/Day 

Apples Alfalfa sprouts Biscuit 

Apple sauce Arugula Cornbread 

Apricots (fresh) - 1 medium; canned - % cup Beans, green Crackers 

Blackberries Bean sprouts Donut 

Blueberries Beets, cooked Rice 

Cherries Cabbage Muffin. 

Cranberries Carrots, cooked Noodles 

Fruit cocktail Cauliflower Pasta 

Grapes Celery - 1 stalk Plain pancakes or waffles 

Mandarin oranges Cucumber White bread and bread 

Peaches (fresh) - 1 small; canned - % cup Eggplant (aubergine) Products - NOT whole grain 

Pears (fresh) - 1 small; canned - 4% cup Kale Cereals - NOT bran or whole grain 

Pineapple Lettuce Cake - NOT carrot or chocolate 

Plums - 1 Mixed vegetables Coffee - limit to 1 cup 

Raspberries Mushrooms - fresh Cookies - without nuts or chocolate 

Strawberries Okra Pies - without chocolate or 

Tangerines - 1 Onions high-potassium fruits 

Watermelon - 1 cup Parsley Pretzels or popcorn without salt 

Juices of these fruits - (apple, cranberry, Radish Tea - limit to 2 cups 

grape, pineapple) Rhubarb Tortilla 


Squash (summer, zucchini) 


Lower than 200 mg per serving. A serving is / cup unless otherwise noted. To lower the potassium content of vegetables, soak overnight, boil in large amounts of 
water, rinse and drain. 
“Information adapted from National Kidney Foundation. 


Maintenance of normal serum calcium and phospho- 
rus levels is important to prevent metabolic bone disease 
and to promote growth (see Chapter 32). Vitamins and 
other minerals are supplemented when protein or other 
restrictions become necessary. Children frequently require 
iron supplementation; this must always be provided when 
rhEPO is used. 

Fluid requirements depend upon the cause of the 
renal disease and level of the GFR. Increased fluid intake 
is required in salt-losing states. If fluid restriction becomes 
necessary because of edema or hypertension, the required 
amount is based on measured urine output and insensi- 
ble needs. Insensible needs are calculated as 500 ml/m?/ 
24 hours. 


Hemodialysis 


The calorie needs for children on hemodialysis are 
the same as those for CRI. The frequency of dialysis is 
increased for infants to allow for optimal nutrient intake. 
The intake is further optimized by enteral supplemen- 
tation. In children and adolescents, adequate intake is 
maximized by limiting dietary restrictions and by focus- 
ing on their favorite foods whenever possible. Few data 
are available on the optimal protein needs for children 
on hemodialysis, and most information is based on adult 
studies. The Kidney Disease Outcome Quality Initiative 
(KDOQD recommends that chronic hemodialysis patients 
require the RDA plus 0.4 g protein/kg/day to achieve a 
positive nitrogen balance.? There are no data available 
that demonstrate any advantage to providing supple- 
mental protein above the RDA and protein lost via 
hemodialysis. Causes of a pre-dialysis BUN less than 
100 mg/dl are dialysis-related issues, inadequate blood 
flow, recirculation of blood, infection with increased 
catabolism, and protein intake in excess of non-protein 
energy intake. Food diaries are useful for estimating total 
energy intake, the ratio of protein to non-protein energy 
intake, and the biological value of the ingested protein. 
The urea generation rate can be calculated (see Box 10-6). 

The persistence of BUN concentrations <50 mg/dl 
may indicate inadequate calorie and protein intake. Food 
records, kinetic modeling (normalized protein catabolic 


Box 10-6 Calculation of the Urea 


Generation Rate 


e In a stable patient, the normalized protein catabolic 
rate (PCR) equals or is slightly less than dietary 
protein intake. 

e In an unstable patient, measurement of the nPCR 
is a useful additional measure to determine dietary 
strategies and to monitor outcome. 
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rate, nPCR), arm anthropometric measurements, and 
serum albumin concentrations are useful for establishing 
and monitoring interventional strategies. Fats in the form 
of margarine, and appropriate oils, are a valuable source 
of calories for children on hemodialysis. Salt is restricted 
for hypertension or for inter-dialysis weight gains of 
>1 kg/day. Potassium usually can be controlled with 
appropriate dialysis and avoidance of high-potassium 
foods (see Table 10-9). If hyperkalemia persists despite 
these adjustments, Kayexalate® should be prescribed. 


Clinical Pearl 


Take into account the sodium load in Kayexalate® in 
edematous or hypertensive patients. 


The guidelines for calcium and phosphorus intake 
are the same as in CRI. Hemodialysis-associated losses 
of water-soluble vitamins mandate that water-soluble 
vitamins, iron and vitamin D are routinely supple- 
mented.!” Fluid restriction is individualized, and encour- 
aged through behavioral reward modification systems. 


Peritoneal Dialysis (PD) 


Most children on PD are treated with either contin- 
uous cycling peritoneal dialysis (CCPD) or continuous 
ambulatory peritoneal dialysis (CAPD) (see Chapter 34). 
Peritoneal dialysis allows for a more liberal fluid, protein, 
potassium, and sodium intake than hemodialysis. 
Unsupplemented calorie intake is inadequate for most 
children on PD, and averages about 80% of RDA. The 
reduced intake results from a feeling of fullness induced 
by the intraperitoneal fluid. In addition, the absorbed 
glucose causes a feeling of satiety via the appetite satiety 
center in the hypothalamus. Patients on PD have greater 
protein needs because of increased losses of protein 
through the peritoneal membrane. Recommendations 
for children are based on RDA, dialysate-related protein 
losses, and nitrogen balance studies. Protein loss during 
PD is inversely related to age and size, but there is a wide 
variability in children and therefore careful monitoring 
and adjustments are needed. Kinetic modeling is avail- 
able and the nPCR can be used to estimate protein intake. 
Approximately 70% of protein must be of high biological 
value. Children maintained on PD are at greater risk of 
protein malnutrition compared to those treated with 
hemodialysis. The nPCR must be greater than 1 g/kg/day 
in order to maintain adequate nutrition.! Serum triglyc- 
erides and cholesterol concentrations tend to be elevated 
in patients on PD, and therefore poultry and fish are 
encouraged because of their lower saturated fat contents. 
Complex carbohydrates and unsaturated fats are also 
used to compensate for the high glucose content of PD 
fluid and to help control hyperlipidemia. 
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Salt restriction is only required if there is residual renal 
function with nephrotic range protein losses, or for 
hypertension that is not volume-related. Infants require 
addition of sodium chloride to the dialysate to optimize 
growth. Most children on CCPD do not require potas- 
sium restriction. Constipation should be prevented, as 
excretion of potassium by the gut in children on PD 
comprises an important component of potassium loss. 
Recommendations for prevention of constipation are a 
diet high in fiber, adequate fluid intake, and stool soften- 
ers when necessary. Children on PD have higher phos- 
phate ingestion because of increased protein requirements 
(Table 10-10). There is an ongoing need for calcium 
supplementation, phosphorus binding and vitamin D 
administration to prevent hypocalcemia and bone disease. 
Vitamin and mineral supplementation is the same as for 
hemodialysis. Little or no fluid restriction is required as 
long as ultrafiltration is adequate. High-calorie oral supple- 
ments can be given when the energy intake is suboptimal. 
Modular supplements can be added to provide additional 
calories (see Box 10-3). 


Post-Transplantation 


The nutritional needs after renal transplant with a 
well-functioning allograft are not well defined. The 
recommendations that follow are for a child with a func- 
tional graft. The same recommendations as for CRI and 
dialysis apply if the GFR is reduced. 


Clinical Pearl 


Important long-term nutritional problems after kidney 
transplantation are increased appetite, weight gain, 
obesity, hypercholesterolemia, and hyperlipidemia. 


Rights were not granted to include this data in electronic media. 
Please refer to the printed book. 


From: The Kidney Disease Outcomes Quality Initiative (K/DOQD Clinical 
Practice Guidelines for Nutrition of Chronic Renal Failure, 2001. 


Many of these patients have a history of poor weight 
gain, and require enteral feeding for an adequate calorie 
intake. Prior to transplant, parents have been focused 
on weight gain. After a successful transplant, appetite 
increases because the patient is no longer uremic and is 
receiving corticosteroids. Corticosteroids and calcineurin 
inhibitors may increase insulin secretion and cause 
glucose uptake by adipocytes, impaired glucose toler- 
ance, glycosuria and insulin resistance. 


Clinical Pearl 


Excessive weight gain after renal transplantation may 
cause cardiovascular disease and post-transplant 
diabetes mellitus.? 


Although post-transplant weight gain is the result of 
an increase in body-fat mass?! associated with reduced 
physical activity,?? exercise alone is not sufficient to 
control the weight gain!© because of rebound eating. 
Successful weight management requires dietary measures 
enhanced by exercise. !? 

Sugar and concentrated sweets are eliminated from the 
diet. Between 40-50% of the calorie intake should come 
from complex carbohydrates including fruits, vegetables, 
and whole grains. This strategy helps to eliminate non- 
nutritious calorie intake and also helps with weight 
management. Immunosuppressive agents increase protein 
metabolism by reducing muscle uptake and increasing 
liver uptake of amino acids. Children require 2-3 g/kg per 
day of protein immediately after the transplant, but this is 
reduced to the RDA by 3 months post transplant. 

Salt and potassium restriction are no longer needed. 
Post-transplant hyperkalemia is the result of calcineurin 
inhibitor administration. Hypophosphatemia is a frequent 
problem after transplantation because of reduced hyper- 
parathyroidism and tubular ischemia. Supplementation 
of phosphate is often required for the first few months 
after transplant. Vitamins are not routinely supplemented. 
Patients are encouraged to increase their fluid intake to 
at least 2 1 of water per day. 

It is essential to prepare parents and patients for the 
possibility of obesity, and to educate them to eat a diet in 
which the intake of calories, fat, cholesterol, and sodium 
are controlled within the setting of a balanced diet. The 
parents are often excited to see their child eat, and so do 
not set limits. Counseling should be focused on weight 
management, because failure to set food limits often results 
in obesity. Continuing outpatient nutrition assessment is 
used to reinforce weight-management techniques. 18 


Nephrotic Syndrome 


Sodium intake is restricted to <2 g per day for chil- 
dren with nephrotic syndrome who are in relapse or 


receiving corticosteroids. Protein intake is supplemented 
to the RDA with replacement of ongoing losses, but exces- 
sive intake is not encouraged because this increases the 
GFR. Hyperlipidemia in patients with chronic nephrotic 
syndrome should be treated with a low-saturated fat diet, 
statins, and angiotensin-converting enzyme inhibitors. 
The latter can decrease urinary protein losses and thereby 
improve hyperlipidemia.!? The oligoantigenic diet is of 
no proven benefit. 


NUTRITIONAL SUPPLEMENTATION 


Enteral 


Supplemental nutrition is recommended for patients 
with decreased height and/or weight velocity and/or 
failure to consume the RDA for calories and protein. Oral 
supplementation is preferred if patients are able to meet 
calorie needs and achieve optimal weight gain. Tube 
feedings are initiated when the oral route fails.!! The 
choice of formula and volume depends on laboratory 
values, age, and degree of kidney function, pre-dialysis 
versus dialysis-dependent status, mode of dialysis, total 
fluid limit, and feeding tolerance. Carnation Good Start® 
is indicated when a low-sodium, -potassium and -phos- 
phorus infant formula is needed. A modular supplement, 
such as Duocal®, is used if a patient requires a concen- 
trated formula. Concentrating a formula by adding less 
water increases the renal solute load and must be avoided. 
Similac PM 60/40®, another low-sodium, -potassium and 
-phosphorus formula, may provide insufficient phospho- 
rus for infant growth and cause phosphate-deficient 
rickets. Renal formulas include Suplena® and Renalcal® 
for predialysis and Neprol® and Magnacal® for dialysis 
children. Frequent adjustments of the feeding regimen 
may be necessary. Vitamin A levels must be monitored in 
dialysis patients who are taking fat-soluble vitamins 
because a reduced clearance of vitamin A metabolites by 
abnormal kidneys may lead to toxic levels of the vitamin. 
Zinc and copper may need to be supplemented because 
intake may be below the RDA in children on PD. 


Parenteral 


Parenteral nutrition is used when oral intake and tube 
feedings are not tolerated. Fluid limitations can make it 
difficult to provide estimated calorie needs. Parenteral 
nutrition is generally started with the minimum recom- 
mended requirements of electrolytes, but this also 
depends on laboratory results and oral intake. Protein, 
fat, and dextrose recommendations are based on patient 
needs. Intradialytic parenteral nutrition improves the 
nutritional status of malnourished adolescent hemodialy- 
sis patients who could not be corrected by enteral 
supplementation.” !° 
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Box 10-7 Psychosocial Impediments to 


using a Renal Diet 


Difficulties in purchasing and preparing fresh food 
that is low in sodium, potassium, and phosphorus 
because of time and money constraints 

Feelings of invincibility prevent an understanding of 
the long-term effects of dietary non-adherence. 
Social events that center on food make it difficult to 
comply with restrictions. 

Changing cultural practices based on cuisine and 
cooking can be upsetting and cause non-adherence. 
Dietary modification and adherence are almost 
impossible without family participation. 


PATIENT EDUCATION AND SOCIAL 
CONSIDERATIONS 


Nutritional counseling for renal patients should be 
based on an individualized plan of care. Patients and 
care-givers often feel overwhelmed when introduced to 
the renal diet, and so have to learn about different nutri- 
ents and how they affect the body. Understanding which 
foods contain which nutrients can be difficult for many 
patients and care-givers. Patients and care-givers often 
require many nutrition education sessions to gain a 
good working knowledge of the renal diet. There are 
many psychosocial impediments to using a renal diet 
(Box 10-7). 
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INTRODUCTION 


The dilemma of how and when to transition chroni- 
cally ill adolescents from pediatric to adult medical care 
is, in essence, a new and happy one. Transitioning - 
according to the American Society for Adolescent 
Medicine - refers to the “purposeful, planned movement 
of adolescents and young adults with chronic physical 
and medical conditions from child-centered to adult- 
oriented health care systems.”? A generation ago, so few 
children with serious chronic medical conditions survived 
past their teenage years that any discussion of transitioning 
was irrelevant, but today the majority grows into adult- 
hood. Among the renal patient population, 90% of even 
the most severely affected end-stage patients aged 10 to 19 
years, those who are on dialysis or have had transplants, 
can expect to celebrate their 21st birthdays and beyond.” 

Most pediatricians agree that at some point, patients 
with chronic health conditions should move from pedi- 
atric to adult medical facilities. It is the timing and method 
of transfer that remain open to debate. The American 
Academy of Pediatrics considers individuals from 0 to 
21 years of age within its purview, while allowing that 
‘special circumstances’ such as chronic illness or disabil- 
ity may make pediatric care optimal for some beyond the 
age of 21 years. However, healthy adolescents frequently 
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undergo haphazard transitions, many coasting along for 
months or years with no medical provider of record after 
‘graduating’ from their pediatricians. They are then thrust 
abruptly into the world of adult care only when a crisis, 
such as an accident, illness, or pregnancy, precipitates a 
sudden need.? 

For the chronically ill adolescent, a lack of planning 
for transition can spell disaster. The problems related to 
transitioning for adolescents with special needs were 
highlighted in the Consensus Statement on Health Care 
Transitions for Young Adults with Special Health Care 
Needs, improvement recommendations published in 
December 2002 and adopted as policy by the American 
Academy of Pediatrics, the American Academy of Family 
Practice, and the American College of Physicians - 
American Society of Internal Medicine.! Given the 
parent/family-oriented focus of most pediatricians, this 
delivers a message to the young adult that he or she is not 
believed capable of independent care; is not expected 
to assume self-responsibility and will be taken care of 
indefinitely; and is very different from his or her peers 
who are, in a developmentally appropriate way, moving 
towards independence. It may even be interpreted as 
a sign that his or her medical prognosis is too poor 
to warrant planning for the future. Others, like their 
healthy counterparts, drop out of the healthcare system 
altogether, with no provider replacing their pediatric 
services.” 

Even when the message is clearly stated by parents and 
care-givers that growing up is inevitable and desirable, 
remaining in the pediatric environment for too long can 
serve as an impediment to the achievement of this goal. 
In light of the recent emphasis on family-centered care, 
pediatricians now by and large view their patients in 
the context of their parents. Medical decision-making and 
adherence have become responsibilities to be shared 
by parents and patient. Questions regarding financial 
arrangements, including insurance, and logistics such as 
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Box 11-1 Barriers to Effective 


Transitioning® 


The overprotected patient has emotional and 
developmental immaturity 

The family may have difficulty ceding control for 
fear of dire medical consequences if their 
involvement lessens. 

The pediatric care-giver often has made a huge 
investment in his or her patients. 

Many adult care-givers do not have the same 
resources or patience as pediatricians to devote to 
individual patients. 


making appointments and transportation to and from 
appointments are generally directed at the parents rather 
than the young person. School is considered the patient’s 
main developmental task, rather than the more complex, 
young-adult task of balancing higher education or a job 
with the building of meaningful relationships independ- 
ent of one’s birth family. While this is a developmen- 
tally appropriate approach for patients younger than the 
mid-teens, the pediatric team’s expectation of parental 
involvement in and control over their children’s lives 
flies in the face of the needs and desires of older teenagers 
and young adults. Indeed, the older adolescent’s devel- 
opmental priorities of moving towards independence, 
relating with peers, and becoming sexually mature should 
be expected as a matter of course to interfere with adher- 
ence to medical regimens (Box 1 1-1).4 

Despite these barriers to success, and despite the lack 
of collected data tracking transition programs, a survey 
of literature from the field of adolescent medicine reveals 
elements that are generally agreed to be essential to 
effective transitioning (Box 1 1-2).° 

With these general principles in mind, the following 
transitioning program has been designed specifically for 
use with pediatric renal patients. 


Box 11-2 Essential Elements to Effective 


Transitioning 


Clinical Pearl 


Transition to adult care should be a gradual process. 

e Discussions should be held at regular intervals, start- 
ing in early adolescence. 

e Lack of progress towards independence should be 
detected early and corrected. 

e The goal is to transfer all patients by the age of 21 
years, although many will be ready by age 18 years. 


OVERVIEW 


Age 14-16 years 


Adolescents should start to become more independ- 
ent in making the decisions that affect their health. 
Sexual issues, in particular, begin to arise which may be 
complicated by chronic illness (Box 11-3). 

Private discussions allow the adolescent to speak for 
him or herself. By the completion of this stage they should 
be able to: 

e Know the names of their medications and know 
their purpose 

e Administer medications to themselves 

e Understand and follow fluid and dietary limitations 

e Give relevant medical and surgical histories 

e Recognize symptoms that indicate a need for 
immediate treatment 

e Negotiate the process of seeking help when 
problems arise. 


Age 17 years 


Each year, patients who will be turning 18 in the next 
calendar year should be identified, and the team should 
discuss their progress toward transition. Concerns about 
a patient who is not on track to transition by age 18 years 


Box 11-3 Adolescents should be 
Interviewed Independent of 
their Parents to Discuss 


Obtaining the consent and engaging the cooperation 
of the patient 

Enlisting the support of the family 

Having the support of all professionals on the 
medical team’ 

Instituting a policy on timing of transfers 
Establishing a preparation and education program 
prior to transition 

e Gathering information about available adult services 


¢ Drug use 

e Alcohol use 

e Cigarette use 

e Risk-taking behavior 

e Sexual activity 

¢ Birth control 

e Mental health status 

e Any other issue the adolescent prefers to address 
privately 


Box 11-4 Plan for Future Care Between 


Ages 17¥ and 18 Years 


Vocational interests and plans for higher education 
or career 

Insurance coverage after age 18 years 

Recognition of the legal differences in medical care 
for those over age 18 years 

Proceeding to have a patient declared mentally 
incompetent, if necessary 


can then be clarified and a plan devised for future care 
(Box 11-4). 

Goals for transfer to adult care include potential 
medical providers and a timetable. A transition readiness 
checklist can help in uniformly evaluating each patient 
nearing age 18 and clarifying which, if any, issues are 
standing in the way of effective transfer to adult care. 
The team can then use this documentation to formulate 
a plan to address the patient’s needs. 


Clinical Pearl 


Legal differences in medical care for those over age 

18 years include: 

° Signing in and out of hospital 

e Signing informed consent for treatment 

e Executing advance directives or living wills 

e Recognizing the maintenance of confidentiality 
regarding medical care 

e Deciding what information will be shared with family 
members, and under what circumstances 


Age 18—21 years 


The patient should be able to meet team members 
without family members present. Discussions about 
transfer should become more frequent and emphatic as 
the patient approaches the age of 21. When an adult-care 
medical provider has been identified and the patient has 
given consent, contact should be made with this provider, 
and the medical records forwarded. If appropriate, a social 
worker or advanced nurse practitioner may accompany 
the patient to his or her first visit with the new care- 
giver. This can reduce the stress associated with locating 
the center and meeting the new team (Box 11-5). 

Contact between the patient and a designated 
member of the pediatric team may need to continue for 
a period of time following transfer. The purpose of such 
contact would be to troubleshoot potential problems 
and to encourage the patient to adhere to the new team’s 
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Box 11-5 The Following Questions 
should be Asked During the 


First Appointment: 


How often should I see the physician/medical team? 
Will my appointment schedule have a major impact 
on my education or employment? 

How will I find out test results? 

How will I obtain prescriptions? 

Who do I call if I become ill between visits, during 
office hours and outside of office hours? 

Who do I contact if I have problems with 
transportation or insurance? 

e If surgery becomes necessary, who will be consulted? 


recommendations. The team member should assuage 
concerns that invariably arise due to differences in 
management or style, without offering medical opinions 
or giving contradictory advice. Ideally, the need for 
contact will gradually decrease. One problem that some- 
times arises is patients who become ‘homesick’ for their 
old, familiar medical team and who wish to ‘untransfer’, 
despite its inappropriateness. If a patient or family 
contacts a pediatric team member expressing a strong 
wish to return to the pediatric facility, the social worker 
should offer to speak with them to discuss the issues that 
have led to this desire. The social worker can reinforce 
the need to transfer from the pediatric facility while still 
assisting with problem-solving within the patient’s new 
situation. The social worker should advise the patient 
how to find a different adult-care facility by using the 
social work services at the current facility, if the situa- 
tion is untenable. 


Clinical Pearl 


Ex-patients should not be readmitted to the pediatric 
facility after transfer, even for emergencies, but be 
redirected to the current adult-care provider. 


By utilizing this protocol the transition to adult care 
should become a gradual, developmentally appropri- 
ate process, rather than a sudden and traumatic event.’ 
Nevertheless, a few patients and families will remain 
anxious about changing care-givers and unwilling to 
engage in any dialogue about transfer or take concrete 
action toward achieving that end. Every attempt should 
be made to identify these ‘reluctant’ patients at an early 
stage in order to determine the reasons behind their 
concerns and fears and to devise a plan of intervention. 

If all attempts at transfer fail, the nephrology team 
should meet to determine a timetable for involuntary 
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Box 11-6 Unilateral Transitioning 
of Patients Over the Age of 


18 Years 


e Provide the patient, in writing, with a list of 
appropriate adult-care facilities, including addresses, 
phone numbers, names of contact personnel, and 
directions. 

Send the patient a certified letter stating the date at 
which pediatric care will no longer be provided. 
Offer to transfer records to the new adult-care 
provider of the patient’s choice Gncluding a release 
of information form for the patient’s signature along 
with a self-addressed, stamped envelope for return to 
the pediatric Nephrology division). The letter should 
be reviewed by the pediatric facility’s counsel and 
signed by the Nephrology division chief. 

In the event the patient arrives at the pediatric 
facility for treatment following the stated deadline, he 
or she should be directed to the emergency room at 
the nearest adult hospital. 

Providing ‘one last appointment’ or writing new 
prescriptions after the deadline out of well-intentioned 
kindness or in order to avoid confrontation will rein- 
force the patient’s attempts to maintain pediatric 
care, and is counter-productive. 


transfer. This simple, legal, and ethical method for unilat- 
eral transitioning of patients over the age of 18 years has 
proved effective (Box 11-6). 


TRANSITIONING THE PATIENT WITH 
ADDITIONAL SPECIAL NEEDS 


The guidelines addressed above assume that patients 
will ultimately be able to achieve independence. However, 
some patients with cognitive limitations or serious mental 
illness may never reach this stage of development. In this 
event, the renal team should encourage and help families 
as the individual’s 18th birthday approaches to obtain a 
medical power of attorney. This gives parents or other 
designated care-givers the legal right to make decisions 
regarding an adult patient’s treatment. 

Although the emotional benefits of transitioning 
to adult care may not be realized in all of these cases, 
there are still cogent medical indications for transfer. 
The transitioning protocol should still be followed with 
the family with the goal of transfer by age 21. Special 
consideration should be given to finding an adult- 
care facility with experience/expertise in taking care of 
patients who continue to depend on their parents or 
other care-givers. 


TRANSITIONING THE TRANSPLANT 
PATIENT 


Renal transplant patients have a unique perspective 
on change, mainly due to the more serious conse- 
quences that may result from inadequate care such as 
loss of the transplant. 


Clinical Pearl 


The trepidation that many patients feel about changing 
healthcare providers can, for transplant patients and 
their families, magnify into paralyzing fear. 


Patients and families feel that because their pediatric 
nephrologist and other renal team members took care of 
them before, during, and after a transplant, the medical 
and psychosocial histories are well known and this shared 
experience can help to tailor treatment decisions. 

Some of the fears expressed by transplant patients 
faced with imminent transfer, along with ways the renal 
team can acknowledge and allay these concerns, are: 

e “Nobody will know me.” Assure the patient that 
detailed records will be sent. Let the patient know 
that the new facility will be able to contact the 
pediatric team with questions, even after the 
transfer has taken place. Advise the patient that 
because he or she is the ultimate expert regarding 
their history, they will be able to educate the new 
care-givers. Compare the transition to leaving high 
school and starting college or a job. Explain that 
transitions occur throughout a person’s life and are 
a normal part of growing up. 

e “I don’t know anybody there.” References should be 
made available to the patient with the names and 
roles of all care-givers on the adult renal team. A site 
visit to the new facility prior to transfer, 
accompanied by a pediatric team member, may be 
offered if this fear is particularly severe. 

e “How do I decide where to go? There are too many 
choices!” Guidance should be offered in helping the 
patient determine what they consider to be the 
most important features of a medical facility and 
care-giving team. Is proximity to home a top 
priority? Is automobile transportation available to 
the patient, or must the facility be accessible by 
public transportation? Does the facility accept the 
patient’s insurance? Do the hours and days available 
for appointments match the configuration of the 
patient’s schedule? Is a smaller program with shorter 
waits for physician visits and laboratory testing 
desirable, or is having the expertise of a program in 
a large, multidisciplinary facility more important? A 
meeting with the renal social worker can help to 


Box 11-7 Provide Sufficient Information 


About Adult Programs 


e Name of program 

e Street address 

e Specific location of transplant clinic 

e Phone number to call for appointments 

e Staff names and roles 

° Days and times that transplant patients are seen 

e Who to contact if patient becomes ill between 
appointments 

e Where parking is located 

e Cost of parking 


clarify these priorities, much as a student’s meeting 
with the high-school guidance counselor helps to 
sort out post-graduation plans. 

e “What if I get sick?” Patients need to feel confident 
that the care they will receive after transfer will be 
as good as the pediatric care they have been 
receiving. It is helpful for the pediatric team to be 
familiar with the strengths and weaknesses of local 
adult programs in order to provide honest 
information. 


Clinical Pearl 


A transitioning patient should be helped to recognize 
that while their pediatric care-givers are experts in 
pediatric care, adult-care teams specialize just as 
adeptly in providing care to those over 18 years old. 


e “You're only transferring me because you don’t 
like me/because you don’t like my family/because 
I didn’t do exactly what you asked me to do!” 
Assure the patient that transfer is no easier for the 
medical team than it is for the patient, but that the 
patient’s best interest demands adult care when age- 
appropriate. It is not uncommon for young adults to 
personalize transition as a form of rejection. 
Recognizing and acknowledging this fear with 
sensitivity, while providing reassurance that transfer 
is the soundest course of action medically, is 
important for a successful transition. 
Most concerns about transition stem from a fear of 
the unknown; therefore, providing ample information 
about adult programs is important (Box 11-7). 


TRANSITION OF THE DIALYSIS PATIENT 


Like transplant patients, many dialysis patients have a 
unique perspective on transferring care. For hemodialysis 
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Box 11-8 Moving to an Adult Care Center 
Has Many Advantages for those 


Over Age 18 Years 


e Care by a nephrologist who has more experience 
with the unique medical needs of patients who have 
been on dialysis for long periods of time 

e Access to a social worker who is familiar with voca- 
tional rehabilitation, work-related laws concerning 
disability, and government entitlements for adults 


patients in particular, so many hours are spent at the 
dialysis center site and in the company of the center’s 
personnel that having an agreeable experience three 
times a week becomes a focus of decision-making about 
transition. It is important for patients to be helped to 
realize that patient populations and patient:staff ratios at 
adult-care facilities will almost inevitably be larger than 

at pediatric units (Box 11-8). 

Information on dialysis centers across the country 
can be found on the Medicare web site (http:// 
www.medicare.gov). A meeting with the social worker 
can help the hemodialysis patient understand that no 
center is perfect, but that some facilities better match his 
or her particular priorities than others. 

A site visit is recommended for all patients when a 
transfer is under consideration. If necessary, the pediatric 
social worker can accompany the patient and family to 
ease the transition. The following list of questions regard- 
ing dialysis care may help patients gather complete infor- 
mation regarding a new unit in order to make an informed 
choice for transfer: 

e How often will I see the physician; social worker; 
nutritionist? 

e Can I eat/drink in the unit? 

e Are blankets/pillows available? 

e Who do I call if I'm sick at home? 

e What do I do if I don’t like the shift I’m assigned? 

e Can I change my schedule temporarily if I need to 
travel or have a special event to attend that conflict 
with my usual shift? 

e Who can help if I have transportation problems? 

e How often is lab work done? 

e Are there TVs/VCRs available at the dialysis stations? 
Do I have to use/bring my own headphones? 

¢ Is there a refrigerator for storing patient 
food/drinks? 

e What happens if my fistula/graft/catheter stops 
working? 

e Will I learn/be required to set up my own machine? 
Participate in any other aspects of treatment? 
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CONCLUSION 


A comprehensive protocol for transitioning, if gradu- 


ally introduced during the teenage years and utilized 
uniformly with all patients, offers the best chance of 
fostering successful transitions from pediatric to adult 
nephrology care. 
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Introduction 


Definitions 
Diagnosis of Hematuria 
Localization of Hematuria 
Differential Diagnosis of Hematuria 
Benign Familial Hematuria (BFH) 
Thin Basement Membranes (TBM) 
Glomerulonephritis 
Acute Post-Infectious Glomerulonephritis 
(APIGN) 
Henoch-Schonlein Purpura (HSP) Nephritis and IgA 
Nephropathy 
Rapidly Progressive Glomerulonephritis (RPGN) 
Hereditary Nephritis 
Interstitial Nephritis 
Infections 
Hematologic Conditions 
Nephrolithiasis/Hypercalciuria 
Structural Abnormalities/Masses 
Vascular Anomalies 
Loin Pain-Hematuria Syndrome 
Urologic Conditions 
Urethrorrhagia 
Miscellaneous 
Munchausen Syndrome 
Evaluation of Gross Hematuria 
Evaluation of Microhematuria 
Isolated Microhematuria 


Microhematuria with Abnormal Findings 


INTRODUCTION 


The detection of even microscopic amounts of blood 
in the urine of a well child causes much consternation. 
This usually occurs when blood is found by the dipstick 
method during a routine examination. This discovery 
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alarms the patient, parents, and physician, and often 
results in the performance of a large number of labora- 
tory studies. The physician has to ensure that serious 
conditions are not overlooked, while at the same time 
avoiding unnecessary laboratory studies that are often 
expensive. In addition, he or she must be able to reas- 
sure the family and provide guidelines for additional 
studies in the event that there is a change in the child’s 
course.® Macroscopic (gross) hematuria is even more 
frightening, and should be evaluated as soon as possible. 
Gross hematuria, in the absence of significant protein- 
uria and/or red blood cell casts, is an indication for a 
renal and bladder ultrasound examination to exclude a 
malignancy. 


Clinical Pearl 


e Hematuria is one of the most important signs of renal 
or bladder disease. 

¢ Proteinuria, however, is a more important diagnostic 
and prognostic finding except in the case of calculi 
or malignancies. 

e Hematuria is almost never a cause of anemia. 


DEFINITIONS 


Hematuria is the medical term for the presence of 
blood in the urine. Gross hematuria is visible to the 
naked eye, whereas microscopic hematuria is detected 
by a dipstick test and is confirmed by microscopic exam- 
ination of the spun urine sediment. 


Clinical Pearl 


Microscopic hematuria, in practice is really dipstick 
hematuria. 
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Table 12-1 Urine Color in Hematuria 


Color Causes 


Normal concentrated urine 

Bile pigments 

Homogentisic acid, thymol, melanin, 
tyrosinosis, methemoglobinemia, 
alkaptonuria 

Alanine, cascara, resorcinol 

Red blood cells, free hemoglobin, 
myoglobin, porphyrins 

Benzene, chloroquine, deferoxamine, 
phenazopyridine, phenolphthalein 
Beets, blackberries, rifampin, red dyes 
in food 

Urates 


Dark yellow 
Dark brown or black 


Red or pink urine 


The evaluation of a child with gross hematuria 
differs from that of one with microscopic hematuria. 
Gross hematuria of glomerular origin is usually described 
as brown, tea-colored or cola-colored urine. Gross hema- 
turia from the lower urinary tract (bladder and urethra) 
usually leads to pink or red urine. The incidence of gross 
hematuria among children presenting to an emergency 
room is 1.3 per 1000.’ Microscopic hematuria is defined 
as more than five red blood cells per high-power field 
(HPF). Microscopic hematuria is almost always a medical 
problem that may warrant referral to a nephrologist 
rather than to a urologist. Microscopic hematuria in two 
or more urine samples is found in 1-2% of children aged 
between 6 and 15 years.*!5 


Clinical Pearl 


Most children with isolated microhematuria do not 
have a treatable or serious cause for hematuria, and do 
not require an extensive evaluation. 


The presence of hematuria must be confirmed by 
microscopy examination of spun sediment of urine, 
because other substances besides blood can produce red 
or brown urine or give a false-positive dipstick test for 
blood (Table 12-1). 


DIAGNOSIS OF HEMATURIA 


Significant microscopic hematuria should be diagnosed 
when at least three urinalyses show the presence of five 
or more red blood cells (RBCs) per HPF over a 2- to 3-week 
period. The urine dipstick is a sensitive screening test for 
the presence of blood in urine. The dipstick is impreg- 
nated with hydroperoxide and tetramethylbenzidine, and 


the peroxidase-like activity of hemoglobin catalyzes a 
reaction which results in the formation of a blue-green 
color. The test detects intact RBCs, free hemoglobin, 
and myoglobin. It can detect as little as 150 ug/l 
of free hemoglobin, equivalent to approximately 
5-20 intact RBC per mm? urine.? False-positive results 
occur in the presence of oxidizing agents such as 
household bleach that is used to clean urine collection 
containers. False-negative results occur in samples 
with high specific gravity or with high ascorbic acid 
concentrations. 

Urine samples positive for blood on the dipstick test 
should always be examined microscopically, as micro- 
scopic evaluation provides information on the number 
of RBCs and other cells, casts, crystals, and bacteria. In 
the past, Addis counts were used in timed urine collec- 
tions to quantify RBCs, but today these are of only histor- 
ical significance. 

The American Academy of Pediatrics recommends a 
screening urine analysis at school entry (ages 4-5 years) 
and once during adolescence (ages 11-21 years).! 


LOCALIZATION OF HEMATURIA 


Blood may originate from anywhere in the kidney - 
the glomeruli, renal tubules, and interstitium, or 
from the urinary tract collecting systems of the ureter, 
bladder, and urethra. RBCs pass from the capil- 
lary lumen through the glomerular capillary via struc- 
tural discontinuities in the capillary wall that usually 
cannot be detected even by electron microscopy. 
Proteinuria, RBC casts, and deformed RBCs in the urine 
usually accompany hematuria resulting from glomerular 
injury. The renal papillae may be damaged by 
microthrombi and/or anoxia in patients with a hemoglo- 
binopathy or toxins.!! Patients with renal parenchymal 
disease may have transient microscopic or gross hema- 
turia during systemic infections, or after moderate exer- 
cise. This may be the result of renal hemodynamic 
responses to exercise or fever. It is important to differ- 
entiate between glomerular and non-glomerular causes 
of hematuria in order to limit the diagnostic possi- 
bilities and perform focused investigations.!* This is 
done by taking a careful history and physical examina- 
tion, together with urinalysis (Table 12-2). A history 
of trauma may be important in patients with bright- 
red urine. 


DIFFERENTIAL DIAGNOSIS OF 
HEMATURIA 


The various causes of hematuria in children are 
shown in Box 12-1. 
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Table 12-2 Distinguishing Features of Glomerular and Non-glomerular Hematuria 


Feature Glomerular Hematuria Non-glomerular Hematuria 

History 

Burning on micturition No Urethritis, cystitis 

Systemic complaints Edema, fever, pharyngitis, rash, arthralgias Fever with urinary tract infections. 
Severe pain with calculi. 

History of trauma No Yes 

Family history Deafness in Alport syndrome, renal failure Usually negative 


May be positive with calculi. 


Physical Examination 


Hypertension Often present Unlikely 

Edema May be present No 

Abdominal mass No Important with Wilms’ tumor, polycystic kidneys 
Rash, arthritis Lupus erythematosus, No 


Henoch-Schonlein purpura 


Urine Analysis 


Color Brown, tea, cola Bright red 

Proteinuria Often present No 

Dysmorphic RBCs Yes No 

RBC casts Yes No 

Crystals No May be informative 
Clinical Pearl 


Benign Familial Hematuria (BFH) 


¢ Benign familial hematuria and so-called thin base- 


BFH is defined by the familial occurrence of persist- ment membrane disease are confusing, over-lapping 
ent hematuria without proteinuria, progression to renal entities. 
failure or hearing loss. Many - but not all - of these indi- e Thin basement membranes can occur in normal indi- 
viduals have thin glomerular basement membranes. viduals, in individuals with other causes of glomeru- 


lar injury and in some patients with Alport syndrome. 


Box 12-1 Causes of Hematuria in Children 


Glomerular diseases 

e IgA nephropathy, benign familial hematuria BFH), Alport syndrome 

e Acute post-streptococcal glomerulonephritis (PSGN), membranoproliferative glomerulonephritis 
e Systemic lupus erythematosus, membranous nephropathy 

e Rapidly progressive glomerulonephritis, Goodpasture’s disease 

e Henoch-Schonlein purpura, hemolytic-uremic syndrome 


Infection 

¢ Bacterial, viral (adenovirus), tuberculosis 

e Hematologic 

e Sickle cell disease, coagulopathies (von Willebrand’s disease), 
e Renal vein thrombosis, thrombocytopenia 


Nephrolithiasis and hypercalciuria 


Structural abnormalities 
e Congenital anomalies, polycystic kidney disease, vascular anomalies (arteriovenous malformations, hemangiomas) 


Trauma 
Tumors 


Medications 
e Penicillin, aminoglycosides, anticonvulsants, diuretics, coumarin, aspirin 
e Amitryptiline, cyclophosphamide, chlorpromazine, thorazine 
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BFH usually manifests with persistent microhematuria, 
occasionally with intermittent microhematuria, and rarely 
manifests with episodic gross hematuria. BFH may be 
autosomal recessive, autosomal dominant, or sporadic. 
The hematuria is usually detected in childhood by routine 
testing. 


Thin Basement Membranes 


Thin basement membranes (TBM) occur in 5.2-9.2% 
of the general population (Box 12-2). The finding of 
defects in type IV collagen in some patients indicates that 
individuals with BFH or TBM are carriers of an Alport 
syndrome mutation. A detailed family history of renal 
failure and deafness must be obtained. A urine analysis 
should be performed in the parents. BFH implies a favor- 
able prognosis, but these children should be evaluated 
regularly for proteinuria, and for hearing loss or other 
extra-renal symptoms, as clinically indicated. 


Glomerulonephritis 


Acute Post-Infectious Glomerulonephritis (APIGN) 

Children with APIGN usually present with an abrupt 
onset of gross hematuria and edema in the context of 
a history of antecedent pharyngitis or impetigo (see 
Chapter 16). A diagnosis of APIGN requires evidence of 
antecedent streptococcal infection (high ASO titer or 
positive Streptozyme® test and/or positive throat culture 
for B-hemolytic streptococcus) and low serum comple- 
ment (C3) level. Proteinuria and red blood cells are 
detected by dipstick testing; laboratories often miss RBC 
casts. Therefore, a careful microscopic examination of 
urine is essential in patients with hematuria who have a 
combination of proteinuria, hypertension, or edema. 
Microhematuria can persist for as long as 2 years in 
patients with APIGN. 


Henoch-Schénlein Purpura (HSP) 

Nephritis and IgA Nephropathy 

Patients with immunoglobulin A (igA) nephropathy 
typically present with recurrent gross hematuria, or are 
found to have microscopic hematuria during routine 
examinations (see Chapter 17). Hematuria and/or 


Box 12-2 Glomerular Basement 
Membrane Thickness in 


Children 


e 1st to 9th year - 100 to 340 nm 

¢ Over 9th year - 190 to 440 nm 

¢ Thinner in female than male 

e Local normal range should be established 


proteinuria may be detected prior to the appearance of 
the purpuric rash in some patients with HSP nephritis 
(see Chapter 18). 


Rapidly Progressive Glomerulonephritis (RPGN) 

This usually presents with gross hematuria, and occa- 
sionally with microscopic hematuria. It is usually associ- 
ated with rapidly deteriorating renal function and warrants 
a renal biopsy. RPGN may be idiopathic or secondary to 
IgA nephropathy, Wegener granulomatosis, microscopic 
polyangiitis, Goodpasture syndrome, APIGN, and HSP 
nephritis. 


Hereditary Nephritis 

Alport syndrome or hereditary nephritis is caused by 
mutations in the gene encoding for the alpha 5 strand of 
type IV collagen. This results in an abnormal glomerular 
basement membrane. Alport syndrome usually presents 
in childhood with gross or microhematuria. Episodes of 
gross hematuria may follow upper respiratory infections 
(see Chapter 20). 


Interstitial Nephritis 

The numerous causes of acute interstitial nephritis 
are shown in Box 12-3. Typical symptoms are fatigue, 
malaise, and flank pain. Urine output may be either 
increased, decreased or normal. A urine analysis can be 
benign or may show hematuria, mild proteinuria, pyuria 
with white blood cell (WBC) casts and eosinophils. 
Interstitial nephritis does not present with isolated 
hematuria or with gross hematuria. 


Infections 

Urinary tract infections (UTIs) are an important cause 
of gross hematuria, but they rarely cause isolated micro- 
hematuria. Bacterial UTIs are associated with fever, 
dysuria, flank and/or abdominal pain and urinary symp- 
toms of burning, frequency, or wetting. Adenoviral cystitis 
presents with dysuria and gross hematuria. 


Hematologic Conditions 
Patients with sickle cell disease or trait may have pain- 
less gross hematuria. The hematuria may be recurrent, 


Box 12-3 Common Causes of Acute 


Interstitial Nephritis 


Medications: Non-steroidal anti-inflammatory 
agents, antibiotics, rifampin 
Infections: Epstein-Barr virus (EBV), 
cytomegalovirus (CMV), bacterial 
associated, mycobacterial 
Systemic: Systemic lupus erythematosus 
Idiopathic 


and usually originates from the left kidney. Some patients 
have asymptomatic microhematuria. Coagulopathies and 
thrombocytopenia are uncommon causes of gross hema- 
turia. A coagulation abnormality should be looked for only 
if there is no other apparent cause of painless gross hema- 
turia in a patient with a positive family history of bleed- 
ing and a history of bruising or bleeding from other sites. 


Nephrolithiasis/Hypercalciuria 

The presentation of nephrolithiasis is variable with 
combinations of renal colic, gross hematuria, asympto- 
matic microhematuria, or incidental findings on imaging 
studies (see Chapter 19). 


Structural Abnormalities/Masses 

Gross hematuria can occur with even minor trauma in 
patients with renal cysts or hydronephrosis caused by 
ureteropelvic junction obstruction. 


Clinical Pearl 


e Gross hematuria is often a presenting sign in Wilms’ 
tumor. 

¢ All patients with gross hematuria require an imaging 
study. 


Vascular Anomalies 

Renal vein thrombosis rarely presents with gross 
hematuria, but renal venous thrombosis is an important 
cause of bloody urine in the newborn period. Urinary 
tract arteriovenous malformations and hemangiomas 
rarely cause episodic gross hematuria. They are extremely 
difficult to diagnose, even with cystoscopy and renal 
angiography. 

Loin Pain-Hematuria Syndrome? 

Loin pain-hematuria syndrome is a descriptive 
diagnosis of recurrent episodes of loin pain accompa- 
nied by hematuria in which investigations do not reveal 
adequate pathology to account for the symptoms. The 
pain may be either unilateral or bilateral, and the hema- 
turia may be either gross or microscopic. The pain often 
radiates across the abdomen or to the groin. It is most 
commonly seen in young women aged between 20 and 
40 years, but it can occur in older children. All labora- 
tory investigations and imaging studies are normal. The 
renal pathology is inconsistent and non-specific, show- 
ing mild abnormalities ranging from mesangial prolif- 
eration to interstitial fibrosis and microaneurysms. The 
diagnosis of loin pain-hematuria syndrome is made by 
exclusion, and patients do not have infection, malignancy, 
nephrolithiasis, hypercalciuria, and trauma. Moreover, 
their genitourinary system is normal. The differential diag- 
nosis includes obstructive uropathy, UTI, calculi, tumors, 
glomerulonephritis, renal vein thrombosis, hypercalciuria, 
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and medullary sponge kidney. Renal angiography has 
shown a variety of abnormalities such as beading, tortuos- 
ity, cortical infarcts, and microaneurysms. An anatomical 
abnormality in which the left renal vein is compressed 
between the aorta and the superior mesenteric artery 
may be associated with loin pain (nutcracker syndrome’). 
A significant number of patients show psychological or 
psychopathological features, and hence the evaluation 
should include detailed psychiatric history, the patient’s 
perception of pain, and the psychosocial environment. 
The pain can be severe, leading to the use of addictive 
analgesics. Treatment is mainly symptomatic in the form 
of analgesic therapy. Autotransplantation or denervations 
of the kidney have been used as treatments, albeit with 
variable results. 


Urologic Conditions 

These are discussed in Chapters 26, 27, and 40. Meatal 
stenosis can be the cause of gross or microscopic hema- 
turia, especially in the newborn period. Bladder polyps 
and ulceration are rare causes of hematuria in children. 


Urethrorrhagia!® 

Boys who present with bloody spots in their under- 
wear elicit a great deal of anxiety that can be allayed 
easily by knowing about urethrorrhagia. The mean age at 
presentation is about 10 years. Symptoms include termi- 
nal hematuria in 100% and dysuria in 29.6% of cases. 
Radiographic and laboratory evaluations are normal in 
all patients, except for microscopic hematuria in 57%. 
Cystourethroscopy shows bulbar urethral inflammation 
without strictures. Complete resolution occurs in half 
the cases at 6 months, in 71% at 1 year, and in 91.7% 
overall. The average duration of symptoms is 10 months 
(range from 2 weeks to 38 months), but the condition 
may persist for about 2 years. Treatment consists of 
watchful waiting. Routine radiographic, laboratory and 
cystoscopic evaluation are unnecessary for evaluating 
urethrorrhagia. Cystoscopy should be avoided because it 
can cause a urethral stricture. 


Clinical Pearl 


e Urethrorrhagia is a cause of painless terminal 
hematuria. 

¢ It occurs in prepubertal and pubertal boys. 

e It typically presents with bright red blood in the 
underpants. 


Miscellaneous 


Heavy exercise can lead to gross hematuria. 
Microhematuria can also occur with exercise, and so the 
urine should be rechecked after the patient has refrained 
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from exercise for 48 hours. Microhematuria is often seen 
in young women with the onset of menstruation. 


Munchausen Syndrome 

This is a rare, difficult to prove, cause of hematuria. 
The source of the blood may be from self-inflicted finger 
pricks, or a parent may feign the hematuria. 


EVALUATION OF GROSS HEMATURIA 


Gross hematuria is an alarming symptom to the child 
and parents, and requires prompt evaluation (Box 12-4). 

A urine analysis must be performed to confirm the 
presence of RBCs and to look for casts and crystals. 
Occasionally, S$. haematobium is diagnosed by finding 
ovae in the urine of an immigrant child with unexplained 
gross hematuria.” 


test, and serum C3 concentration are informative, the 
diagnosis is PSGN. If these are not informative, further 
investigations are warranted to rule out other causes of 
glomerulonephritis. IgA nephropathy can cause recur- 
rent gross hematuria, and this may be preceded by an 
upper respiratory tract infection and even flank or 
abdominal pain. 

Fever, dysuria, flank pain with or without voiding 
symptoms suggests a UTI. This is the most common 
cause of gross hematuria in children presenting to an 
emergency room. A computed tomography (CT) scan of 
the abdomen and pelvis must be obtained promptly with 
a history of abdominal trauma, and the child must be 
referred to a urologist. A family history of renal calculi or 
severe renal colic with gross hematuria suggests urinary 
calculi. Hypercalciuria can cause recurrent gross or 
microscopic hematuria in the absence of calculi on imag- 
ing studies. 


Clinical Pearl 


e Painful gross hematuria is usually caused by infections, 
calculi, or urological conditions. 
¢ Glomerular causes of hematuria are painless. 


The most common glomerular causes of gross hema- 
turia in children are acute post-streptococcal glomeru- 
lonephritis (APSG) and IgA nephropathy. A detailed 
history must be obtained to elicit the cause of hematuria. 
An antecedent sore throat, pyoderma, or impetigo 
proteinuria, edema, hypertension, and casts suggests 
glomerulonephritis. If the ASO titer and Streptozyme® 


Box 12-4 Indications for Prompt 


Evaluation of Hematuria 


e Potentially life-threatening causes of hematuria must 
be excluded in any child with any of the following: 
hypertension, edema, oliguria, significant proteinuria 
(>500 mg per 24 hours), or red blood cell casts 
These causes include acute post-infectious nephritis, 
Henoch-Schénlein purpura, hemolytic-uremic 
syndrome, membranoproliferative glomerulonephritis, 
IgA nephropathy, and focal segmental 
glomerulosclerosis 

The evaluation must include a complete blood count 
(chemolytic-uremic syndrome); throat culture, 
Streptozyme® panel and serum C3 concentration 
(acute post-streptococcal glomerulonephritis); and 
serum creatinine and potassium concentrations (to 
exclude renal insufficiency) 

While awaiting the results of these tests, the blood 
pressure and urine output must be monitored at 
frequent intervals 


Clinical Pearl 


¢ If no obvious cause is found for gross hematuria by 
history, physical and preliminary studies, the differen- 
tial diagnosis should include hypercalciuria, sickle 
cell trait or thin basement membrane disease. 

e Cystoscopic examination in children rarely reveals a 
cause for hematuria. 


If a cystoscopy is performed to lateralize the source of 
bleeding, it is best carried out during active bleeding. In 
young girls with recurrent gross hematuria it is impor- 
tant to enquire about a history of child abuse, or the 
insertion of a vaginal foreign body; the genital area must 
also be examined for signs of injury. 

If no RBCs are seen in the urinalysis, but the dipstick 
test is positive for blood, then hemoglobinuria and 
myoglobinuria must be considered as causes. A stepwise 
approach to the evaluation of gross hematuria is shown 
in Figure 12-1. 


EVALUATION OF MICROHEMATURIA 


Isolated Microhematuria 


Isolated microhematuria, without any abnormal find- 
ings on history or physical examination, is often found 
during routine urine screening. The urinalysis should be 
repeated two to three times over several months (with- 
out preceding exercise) before embarking on further 
investigations. If the microhematuria persists, a careful 
history should be obtained for use of medications, family 
history of hematuria, deafness, renal failure, urinary 
calculi; history of sickle cell disease or trait; and the 
parents’ urines should be examined for hematuria. !>-!4 If 
all the enquiries and the examination are negative, the 


Yes 


CT scan of 
abdomen/pelvis 
Urine culture 

Renal ultrasound 
Renal ultrasound | Yes 


24 hr urine stone 
profile 


Signs/symptoms of glomerulonephritis— 
edema/HT/proteinuria/RBC casts 
No 


Signs/symptoms of UTI 
No 
Family history of stones 
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Check basic metabolic 
panel, complete blood 
count, C3, albumin, ASO 
titer, anti-DNAse B titer 


Tests consistent 
with PSGN 


Referral to 
pediatric 
nephrologist 


Supportive 
therapy 


Renal ultrasound, urine culture, test parents for 


hematuria, Hb electrophoresis, urine calcium/creatinine 
ratio and follow up 


Figure 12-1 


parents should be reassured and further investigations 
such as renal ultrasound and cystoscopic studies should 
be avoided.® The child can be re-evaluated yearly by 
urine analysis, and further studies can be carried out if 
anything evolves. Testing for microhematuria is being 
challenged even in adult medicine (Figure 12-2 and 
Box 12-5).!° 


Isolated microscopic hematuria 
with non-contributory 
history/physical and no proteinuria 


Negative 


Repeat urinalysis weekly 
x 2 (without exercise) 


Follow up urinalysis 
with physical exam 
Persistent hematuria 
Positive i ili 
Test parents for hematuria H——————> ae 


No 
Check urine 


Family history of calculi calcium/creatinine 


ratio 


Consider hearing test, renal 
ultrasound, and hemoglobin 
electrophoresis depending 


If no other concerning 
symptoms/signs— 
follow with yearly 

urinalysis 


Normal 


on level of concern 


Figure 12-2 A stepwise approach to the evaluation of micro- 
scopic hematuria. 


A stepwise approach to the evaluation of gross hematuria. 


Clinical Pearl 


e A renal ultrasound, voiding cystourethrogram, 
cystoscopy, and renal biopsy are not indicated in the 
evaluation of microscopic hematuria. 

e Microhematuria in the otherwise healthy child is a 
minimal health threat, and is rarely indicative of 
serious illness. 


Microhematuria with Abnormal Findings 


Children with microhematuria and any abnormal find- 
ing on history, physical examination, or urine analysis 
should be investigated for kidney disease (Figure 12-3). 
Edema, hypertension, decreased urine output, rashes, 


Box 12-5 Testing for Microhematuria 


in Adults 


Microhematuria is poorly predictive of cancers of the 
urinary tract 

Hemoglobin dipstick testing is not a reliable way of 
detecting early bladder cancer in patients at high risk 
Microhematuria is not reliable evidence of a stone in 
the ureter and may be misleading, as it is often present 
in other serious conditions that cause acute loin pain 
Testing for microhematuria is not helpful in evaluating 
men with lower urinary tract symptoms 
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Microhematuria with abnormal findings 


Proteinuria 


Check basic metabolic panel, 
complement C3 and C4, 
albumin, complete blood count, 
and cholesterol. Consider 
checking ASO titer, dsDNA 
titer, renal ultrasound 


Abnormal 


Refer to pediatric 
nephrologist 


Yes 


Edema/hypertension 


Normal 


Persistent hematuria/ 
proteinuria/edema/HT 


No 


Repeat urinalysis 
in 1 week 


Negative 


Follow-up 
as indicated 


Positive 


Figure 12-3 A stepwise approach to the evaluation of kidney disease. 


arthralgias, or constitutional symptoms, loss of appetite, 
and/or weight loss are suggestive of intrinsic renal disease. 
Patients with any of these signs or symptoms should 
undergo laboratory tests that include a basic metabolic 
panel, complement levels, and a complete blood count. 
Additional tests that can be carried out are based on clin- 
ical suspicions, and include ASO titer, DNA-binding anti- 
bodies and serological tests for hepatitis. A child with 
hematuria and proteinuria who does not have edema or 
hypertension should have repeated urine analysis unless 
the proteinuria is greater than 2+ positive. If the abnor- 
mal urinary findings persist, then the above investiga- 
tions should be carried out even in the absence of edema 
or hypertension. Persistent proteinuria should be quan- 
tified, and if the excretion is greater than 1 g per day the 
patient should be referred to a pediatric nephrologist for 
further evaluation. 
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Evaluation of Proteinuria 
Treatment 


INTRODUCTION 


Proteinuria is one of the most important clinical mark- 
ers of kidney disease, is associated with progressive 
renal disease, and is implicated as a risk factor for cardio- 
vascular disease.*!* However, transient proteinuria is 
associated with several physiological conditions, and 
therefore it is important to differentiate between 
physiological and pathological proteinuria.” 

Proteinuria is the excretion of abnormal amounts of 
protein in the urine. Protein excretion in normal chil- 
dren is less than 4 mg/m2/h, and in healthy adults is less 
than 150 mg in 24 hours (Table 13-1). 

Not all the protein in the urine is derived from 
plasma: 50% is derived from plasma, and 50% is secreted 
from the kidney as Tamm-Horsfall protein. Albumin 
accounts for less than 30% of the total urinary protein in 
normal individuals. 


Table 13-1 Urinary Protein Excretion 


Urinary Protein mg/24 h mg/m?/h Protein:Creatinine (mg:mg) 

Adults 

Normal <150 <0.2 

Nephrotic range 2000-3000 >2 

Children 

Normal <4 <0.5 (age <2 years) 
4-40 <0.2 (age >2 years) 

Nephrotic range >40 >2 
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MECHANISMS OF PROTEINURIA 


Protein excretion in urine depends on two processes: 
glomerular filtration, and tubular reabsorption. Proteinuria 
therefore can occur as a result of increased glomerular 
capillary wall permeability, or decreased tubular reab- 
sorption, or both mechanisms. The permeability of the 
glomerular capillary wall is determined by the size of 
plasma proteins, the electrostatic charge of the capillary 
wall, and by hemodynamic factors such as glomerular 
plasma flow, capillary hydrostatic pressure and the ultra- 
filtration coefficient of the capillary wall. The slit pores 
between the interdigitating foot processes of glomerular 
visceral epithelial cells (podocytes) are called the slit 
diaphragm. The ultimate barrier to the passage of protein 
across the glomerular capillary wall is provided by these 
specialized cell adhesion structures. The capillary base- 
ment membrane and slit diaphragms impede the egress 
of molecules above a molecular weight of 40,000 daltons 
(Da). Therefore, only that fraction of the plasma albumin 
which has a molecular weight of 69,000 Da is filtered. 
This size-selectivity appears to correspond to ‘pores’ of 
predetermined dimensions that limit the passage of large 
solutes across the glomerular basement membrane. The 
glomerular capillary wall also contains heparan sulfate 
proteoglycans and sialoproteins that are negatively 
charged. These also impede the filtration of other nega- 
tively charged molecules such as albumin by electrostatic 
repulsion. However, the role of charge selectivity in the 
permeability of the glomerular capillary wall is question- 
able. The precise contributions of loss of size selectivity 
and charge selectivity to proteinuria are not known, and 
the subject is in a state of flux. Hemodynamic changes 
in glomerular blood flow cause proteinuria by altering 
convection (the solute is carried across the membrane 
with a solvent) or diffusion (the solute moves across a 
concentration gradient) across the capillary wall. This is 
important in individuals with chronic renal failure because 
the filtration rates in remnant nephrons are increased, 
and this increases transglomerular protein loss by convec- 
tion. Albumin infusions can result in increased protein- 
uria by increased diffusion. 

Tubular proteinuria occurs when the tubules are 
unable to reabsorb normally filtered low molecular- 
weight proteins or albumin. This occurs in most types of 
renal disease, including the nephrotic syndrome. Tubular 
proteinuria also occurs in Fanconi syndrome, acute tubu- 
lar necrosis, interstitial nephritis, and in multiple myeloma. 
Low molecular-weight proteins such as beta-2 micro- 
globulins and lysozymes are detected by urine protein 
electrophoresis. Tubular proteinuria does not exceed 
1-1.5 g in 24 hours. 

The concept of selectivity of proteinuria was intro- 
duced in 1960 in an attempt to predict the response to 


treatment of patients with nephrotic syndrome. Patients 
with minimal change nephrotic syndrome have increased 
excretion of intermediate molecular weight proteins 
such as albumin, but do not excrete high molecular- 
weight proteins, such as immunoglobulin G dgG). This 
is referred to as selective proteinuria, and is assessed by 
the selectivity index (SI) based on the comparison of 
the clearance of IgG and transferrin. Patients with a SI of 
0.2 or higher are said to have non-selective proteinuria. 
Although this concept had limited clinical applications 
in the past, recent reports note decreased tubulointersti- 
tial involvement and better outcomes in patients with 
selective proteinuria versus non-selective proteinuria. 


DETECTION OF PROTEINURIA 


Qualitative 


Proteinuria is usually detected using the dipstick 
method. This mainly detects albumin and not low 
molecular-weight proteins. The concentration of urinary 
protein is measured by a colorimetric method (Table 13-2). 
Impregnated tetrabromophenol blue changes color 
when it reacts with amino groups. Tetrabromophenol 
blue is a pH indicator, and therefore false-positive results 
occur when the urine pH is above 7 (Box 13-1). 


Clinical Pearl 


Trace-positive proteinuria by the dipstick method does 
not imply abnormal proteinuria. 


A urine sample is considered positive for protein if 
the dipstick registers 21+ in urine sample with a specific 
gravity of <1.015. If the specific gravity of the urine is 
>1.015, the dipstick must be 22+ to be considered posi- 
tive. When the urine is very dilute (specific gravity 
<1.005), the dipstick can give a false-negative result. At 
least two out of three urine samples collected 21 week 
apart must be positive for a diagnosis of persistent 
proteinuria. 

The sulfosalicylic acid, trichloroacetic acid, nitric acid, 
and sodium sulfate qualitative methods are also available 


Table 13-2 Qualitative Evaluation of Proteinuria by 


Dipstick Test 
Grade Protein Concentration (mg/dl) 
Trace 10-20 
1+ 30 
2+ 100 
3+ 300 
4+ 1000-2000 


Box 13-1 Causes of False-Positive 
Dipstick Reactions for Urine 


Protein 


¢ Prolonged immersion 

e Placing reagent strip directly in the urine stream 

e Alkaline urine pH (pH >7) 

e Quaternary ammonium compounds and detergents 
e Pyuria, bacteriuria, mucoproteins 

e Intravenous contrast 


for the detection of proteinuria. The sulfosalicylic acid 
method detects all forms of protein, but gives false- 
positive results with radiographic contrast dyes, peni- 
cillins, cephalosporins, sulfonamides, and high uric acid 
concentrations. 


Quantitative 


Qualitative tests are convenient, but are often impre- 
cise. Therefore timed urine collections are essential for 
establishing the presence and amount of proteinuria. A 
24-hour urine collection is the best method. The indi- 
vidual discards the first voided sample in the morning 
and then collects every sample of urine, including the 
first specimen the following morning. The urine sample 
should be refrigerated until submission to the laboratory. 
Timed urine collections are often difficult to carry out 
accurately in a child. A 24-hour collection can be substi- 
tuted by determining the protein:creatinine ratio in a 
random urine sample, preferably the first voided sample. 
The ratio of the urine protein (mg) to the urine creati- 
nine (mg) (Up.c) correlates with the 24-hour urine 
protein excretion.! The 24-hour urine protein excretion 
can be derived from the Up.c by the following formula: 
0.63 x Upc = urine protein excretion in g/m?/day. 
Specimens should not be obtained after exercise because 
the upper limit of normal is higher in these specimens. 
The urine protein:creatinine ratio is not an accurate esti- 
mate of proteinuria in malnourished children because 
of decreased creatinine secretion, or in those with low 
levels of renal function because of increased creatinine 
secretion. 


Microalbuminuria 


Measurement of urinary albumin rather than total 
protein is recommended in adults and postpubertal chil- 
dren with diabetes for the diagnosis of chronic kidney 
disease (CKD).49-10 First-morning spot collections are 
now considered optimum for children and adolescents 
to avoid the confounding effect of orthostatic protein- 
uria. Albuminuria is reported as milligrams of albumin 
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per gram of creatinine. This is often referred to as 
microalbuminuria, as the test measures very small quan- 
tities of albumin, which are below the level of detection 
by dipstick test for total protein. A value of <30 mg protein 
per gram creatinine is normal, and 30 to 300 mg/g is 
consistent with microalbuminuria. It is recommended 
that children with diabetes of more than 5 years’ duration 
have their urine checked for microalbuminuria. Values 
greater than the reference range should be confirmed in 
two of three tested samples. Microalbuminuria is consid- 
ered to be an early sign of incipient diabetic nephropathy. 


EPIDEMIOLOGY OF PROTEINURIA 


The prevalence of proteinuria in children varies 
depending on the definition of proteinuria (degree of 
positivity on a dipstick), and the number of specimens 
examined. Some 10% of school-aged children will have 
proteinuria, defined as 1+ on dipstick test, at some time. 
If the definition is a positive dipstick reading of = 1+ in 
two out of four specimens, the prevalence falls to 2.5%. 
The prevalence of proteinuria increases with age, peak- 
ing in adolescence (age 13 years in girls and 16 years in 
boys), and declining thereafter. 


ETIOLOGY 


Asymptomatic proteinuria is common in children. It 
is important to recognize that although proteinuria is a 
hallmark of many kidney diseases, many physiologic/ 
functional situations cause transient proteinuria. Causes 
of proteinuria in children are listed in Table 13-3. 


DIFFERENTIAL DIAGNOSIS OF 
PROTEINURIA 


Functional/Transient Proteinuria 


Functional proteinuria is typically transient, and 
resolves when the inciting factor remits. It is generally 
<2+ on a dipstick. Febrile proteinuria occurs with the 
onset of fever and resolves within 10-14 days even if the 
fever defervesces earlier. Proteinuria associated with 
exercise generally abates within 48 hours of cessation of 
exercise. Proteinuria with fever, exercise, and heart fail- 
ure is most likely the result of hemodynamic alterations 
in glomerular blood flow that causes increased diffusion 
of proteins across the glomerular basement membrane. 


Orthostatic (Postural) Proteinuria 


Orthostatic proteinuria is defined as abnormally 
high protein excretion only when the subject is in the 
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Table 13-3 Classification and Etiology of 


Proteinuria in Children 


Transient proteinuria e Fever, dehydration, exercise, cold 
exposure. Congestive heart failure, 
seizures, emotional stress, epinephrine 
administration, serum sickness 


Isolated proteinuria e Orthostatic proteinuria, persistent 
asymptomatic isolated proteinuria 
Glomerular e Minimal change nephrotic syndrome 
proteinuria e Focal segmental glomerulosclerosis 


e Post-infectious glomerulonephritis 
¢« Membranoproliferative 
glomerulonephritis 

e Membranous nephropathy 

e Immunoglobulin A nephropathy 

e Henoch-Scho6nlein purpura 

¢ Hemolytic uremic syndrome 

e Hereditary nephritis (Alport syndrome) 

e Systemic lupus erythematosus 

e Vasculitis (Wegener’s granulomatosis, 

microscopic polyangiitis) 

e Diabetes mellitus 

e Sickle cell disease 

¢ HIV-associated nephropathy 

e Malaria 

e Hepatitis B and C 

e Bacterial endocarditis 

e Congenital nephrotic syndrome 
Tubulointerstitial ¢ Reflux nephropathy, pyelonephritis 

disease e Interstitial nephritis, Fanconi syndrome 

e Medications and toxins - aminoglyco- 
sides, penicillins, heavy metals, lithium, 
gold salts 
Ischemic tubular injury 
Renal hypoplasia/dysplasia, polycystic 
kidney disease 


upright position. It is the most common cause of asymp- 
tomatic proteinuria in children, and the prevalence is 
greatest in adolescents. Orthostatic proteinuria usually 
does not exceed 1 g/day; moreover, it can be fixed and 
reproducible on repeated measurements, or it can be 
intermittent and transient. Orthostatic proteinuria may 
be the result of altered renal hemodynamics with activa- 
tion of the renin-angiotensin system in response to 
decreased effective circulating volume due to venous 
pooling in the legs when in the upright position. 
Circulating immune complexes have also been suggested 
as the cause of orthostatic proteinuria. 

Orthostatic proteinuria is diagnosed by checking 
the first-morning urine sample for protein: a diagnosis of 
postural proteinuria is made if there is no protein in this 
sample. A timed split urine collection is a more definitive 
test: before going to bed, the child voids and discards 
the urine; the next first-morning urine is collected in a 
container marked ‘recumbent’ immediately on rising; all 


urine produced during the day - including the last void 
of the day - is collected in another container labeled 
‘ambulatory’; the start and end times for both samples 
are recorded. Protein excretion in the recumbent speci- 
men should be normal (<4 mg/m?/b), whereas that in 
the ambulatory collection is two- to four-fold that found 
when in the recumbent collection. 

Orthostatic proteinuria is benign, and long-term 
follow-up studies in young adults show a benign course. 
However, before reassuring the individual and family, 
the history, physical findings and laboratory evidence of 
renal disease must be excluded. 


Clinical Pearl 


¢ Only first-morning urine analysis should be 
performed in children with postural proteinuria at 
their yearly physical examinations. 

¢ The clinician should emphasize that a diagnosis of 
orthostatic proteinuria does not indemnify the 
individual from subsequent renal diseases due to 
other causes. 


Persistent Asymptomatic Isolated 
Proteinuria (PAIP) 


PAIP is said to be present when proteinuria is present 
persistently Gn >80% of samples), including in recum- 
bent specimens in an otherwise healthy child in whom 
clinical and laboratory work-up is normal. Renal biopsy 
studies in some children with PAIP have revealed glomeru- 
lar abnormalities including focal sclerosis, immunoglob- 
ulin A AgA) nephropathy, membranous nephropathy, 
and diffuse mesangial proliferation. There is also a 
concern that unremitting proteinuria itself can cause 
focal sclerosis. Hence this entity is viewed with caution 
and deserves close follow-up. The proteinuria should be 
quantified if possible and monitored every 6 to 12 months. 
A progressive increase in proteinuria beyond 1 g/day 
warrants a renal biopsy. However, the yield of a renal 
biopsy is poor in the presence of mild-moderate protein- 
uria (<1 g/day). 


Glomerular Diseases 


Proteinuria occurs in most glomerular diseases. 
Glomerular proteinuria can be in excess of 10 g/24 hours, 
especially in membranous nephropathy. 


Nephrotic Syndrome 

The nephrotic syndrome is defined by the presence 
of proteinuria, hypoalbuminemia, hypercholesterolemia, 
and edema. Minimal change disease is the most common 
type of primary nephrotic syndrome in children. Other 
causes are mesangioproliferative glomerulonephritis and 


focal segmental glomerulosclerosis. The urine protein 
excretion in nephrotic syndrome exceeds 40 mg/m?/h 
or 50-100 mg/kg/day (see also Chapter 20). 


Focal Segmental Glomerulosclerosis (FSGS) 

FSGS accounts for 30% of cases of idiopathic 
nephrotic syndrome in children. However, it can pres- 
ent in older children and adolescents as asymptomatic 
proteinuria. It is the most common glomerular cause of 
end-stage renal failure in children, and occurs frequently 
in African-Americans (see also Chapter 22). 


Glomerulonephritis 


Membranoproliferative 

Glomerulonephritis (MPGN) 

MPGN is characterized by diffuse thickening of the 
glomerular capillary wall and increased mesangial cellu- 
larity. It is common in older children and adolescents 
and presents with nephrotic syndrome and hematuria. 
Complement levels are low. It should be considered in 
the differential diagnosis of proteinuria with associated 
hematuria, renal insufficiency, or low complement levels 
(see also Chapter 19). 


Membranous Nephropathy 

This is an uncommon cause of nephrotic syndrome 
in children, and can also present with asymptomatic 
proteinuria. It is characterized by diffusely thickened 
glomerular capillary walls without mesangial prolifera- 
tion. The proteinuria in membranous nephropathy is 
often massive (see also Chapter 23). 


IgA Nephropathy (IgA N) 

IgA N can present with combinations of nephrotic 
syndrome, asymptomatic proteinuria, hematuria, recur- 
rent gross hematuria, or acute nephritis. Isolated protein- 
uria is rarely seen in IgA N. The pathological lesion is 
characterized by mesangial proliferation and IgA deposits 
(see also Chapter 17). 


Tubular Diseases 


Tubular diseases causing proteinuria can be either 
congenital (dysplastic kidneys, polycystic kidneys, Fanconi 
syndrome) or acquired (acute tubular necrosis, intersti- 
tial nephritis secondary to drugs or infections). Tubular 
proteinuria generally does not exceed 1.5 g per day. 


Miscellaneous Causes of Proteinuria in 
Children 


Diffuse Mesangial Sclerosis 
Diffuse mesangial sclerosis (DMS) presents in infants 
and toddlers with the nephrotic syndrome. DMS can be 
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a sporadic condition, an autosomal recessively inherited 
disease, or a component of Denys-Drash syndrome 
(DDS). DDS consists of combinations of male pseudo- 
hermatophroditism, nephrotic syndrome, and Wilms’ 
tumor. DMS can progress to end-stage renal disease in 
childhood and require renal transplantation. The pres- 
ence of proteinuria in a young male child with unde- 
scended testes should alert the clinician to the possibility 
of DDS. 


Fabry Disease 

This X-linked disorder is caused by a deficiency of 
a-galactosidase A that leads to recurrent painful crises 
of the hands and feet, a characteristic skin rash, and 
corneal and lenticular opacities. Glycosphingolipid 
deposition in the kidneys can lead to progressive renal 
damage with proteinuria and chronic renal failure. Fabry 
disease can now be treated with infusions of rHa- 
galactosidase A. 


Nail-patella Syndrome 

This is a rare autosomal dominant disorder with nail 
dysplasia, bone abnormalities, and renal disease. The 
patellae are hypoplastic or absent, and renal involvement 
occurs in 30-40% of patients as proteinuria or nephrotic 
syndrome. 


EVALUATION OF PROTEINURIA 


The presence of proteinuria must be confirmed on at 
least three occasions before initiating its evaluation. The 
evaluation should be focused on finding the cause of the 
condition, using a stepwise approach to avoid unneces- 
sary and invasive investigations.” The first step is to 
obtain a complete history and perform a careful physical 
examination, with emphasis on the detection of renal 
diseases (Table 13-4). 


Table 13-4 History and Physical Examination in the 


Evaluation of Proteinuria 


History Systemic illnesses, fever preceding detection of 
proteinuria, urinary tract infections, family 
history of renal disease, deafness 

Examination Height and weight, blood pressure, edema, rash, 


abdominal mass, arthritis, absent lunae and 
absent patellae (nail patella syndrome), eye 
examination (SLE, hypertension, Fabry 
disease), ambiguous genitalia (Denys-Drash 
syndrome) 


SLE = systemic lupus erythematosus. 
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Abnormal (>1+) urine 
dipstick in an afebrile child 


Up-c >0.2 
or abnormal 
urinalysis 


Complete history and physical exam. 
Serum creatinine, urea, electrolytes, 
cholesterol, albumin. Consider renal 


Obtain first morning urine for 
Up.¢ and microscopic urinalysis 


Up.c <0.2 
and normal 
urinalysis 


Repeat first morning urine 
dipstick in one year 


ultrasound, complement levels, ANA, 


dsDNA, hepatitis serologies and HIV 
testing based on history and physical 


exam. 


Figure 13-1 


Laboratory investigations should begin with the first- 
morning urine analysis and urine protein:creatinine ratio, 
followed in stages by tests for renal function, serological 
tests, and imaging studies of the kidneys (Figure 13-1). If 
the first-morning urine protein:creatinine ratio is <0.2, 
then a diagnosis of orthostatic proteinuria is made and 
no further tests are necessary. 

Additional investigations are based on the results of 
the studies listed in Table 13-5. If these are normal, and 
if there is significant and persistent proteinuria, then a 
renal biopsy may be indicated to rule out specific renal 
diseases (Box 13-2). A suggested algorithm for the evalu- 
ation of proteinuria is provided in Figure 13-1. 


Table 13-5 Laboratory Studies for Evaluation of 


Proteinuria 


Initial tests First-morning urine analysis for protein and 
blood (three samples) 

Urine protein:creatinine ratio/24-h urine 
protein 

¢ Timed split urine samples for protein 


BUN, serum electrolytes, creatinine, albumin, 


cholesterol 
Subsequent ¢ Serum C3, C4, anti-, dsDNA, hepatitis 
tests serologies 


Renal ultrasound 

Voiding cystourethrogram or renal scan if 
there is history of febrile urinary infections 
or an abnormal ultrasound 


BUN = blood urea nitrogen; dsDNA = double-stranded DNA. 


Abnormal 


Refer to a pediatric 
nephrologist 


A suggested algorithm for the evaluation of proteinuria. 


Normal Persistent asymptomatic 


isolated proteinuria 


Increasing 


Check Up.c 
twice a year 


TREATMENT 


The treatment of proteinuria is based on its cause. If no 
cause is found, then treatment to reduce the urinary 
protein excretion is often offered in the presence of 
significant (>1 g/day) proteinuria. Therapies to ameliorate 
proteinuria have gained much importance due to the 
impact of persistent proteinuria on progression of renal 
failure.!! Angiotensin-converting enzyme inhibitors (ACE 
D and angiotensin receptor blockers (ARB) are used to 
decrease proteinuria. However the long-term benefit of 
ACE I in children and adolescents with proteinuria remain 


Box 13-2 Indications for a Renal Biopsy 
in the Evaluation of 


Proteinuria 


Nephrotic range proteinuria 

Proteinuria with a family history of chronic 
glomerulonephritis or unexplained renal failure 
Proteinuria associated with hematuria and red blood 
cell casts, except with post-streptococcal 
glomerulonephritis 

Proteinuria with a low C3 level, except with 
post-streptococcal glomerulonephritis 

Proteinuria with hypertension or azotemia 
Persistent non-orthostatic proteinuria for more than 
1 year 


to be established. Although dietary protein restriction 
does not have a significant impact on the rate of progres- 
sion of renal disease, it is reasonable to avoid excess 
dietary protein in children with proteinuric renal disease. 
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INTRODUCTION 


Hypertension affects more than 50 million Americans, 
and is a leading cause of cardiovascular disease, end- 
stage renal disease, and cerebrovascular accidents. 
Hypertension and its complications also occur in chil- 
dren. Children are more likely to have secondary hyper- 
tension due to underlying cardiorenal disease. However, 
the changing epidemiology of pediatric hypertension 
has resulted in a relative increase in the prevalence of 
primary hypertension in the face of an epidemic of 
childhood obesity, inactivity, and poor dietary habits. In 
pediatric hypertension clinics, the typical patient is now 
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an otherwise healthy adolescent often with combina- 
tions of cardiovascular risk factors of obesity, family 
history of hypertension, and an ethnic predisposition to 
hypertensive disease and/or type II diabetes mellitus. 


Clinical Pearl 


As a general rule, the younger the patient and the more 
severe the hypertension, the more likely it is that a 
secondary cause for the hypertension is present. 


Very young children or children with marked blood 
pressure (BP) elevation always require comprehensive 
evaluation and management. However, the majority of 
hypertensive children are adolescents with mild to 
moderate hypertension. For these, the appropriate level 
of diagnostic evaluation, indications for pharmacological 
treatment, and the target BP values to aim for in response 
to treatment, have not been established. Thus, the prac- 
tice of truly evidence-based medicine remains a chal- 
lenge for physicians who care for hypertensive children. 
Nonetheless, as the prevalence of hypertension, often in 
association with obesity, increases, responsibility for the 
care of these children will fall increasingly to primary 
healthcare providers. This chapter summarizes current 
concepts in the diagnosis, evaluation, and management 
of hypertension in children, as well as the indications for 
subspecialty referral. 


MEASUREMENT OF BP IN CHILDREN 


Cuff Size 


It is important to establish that the BP was measured 
by the correct technique. Factors that affect the accu- 
racy and reliability of this measurement are anxiety, posi- 
tion of the arm, observer bias, type of equipment, and 
the size of the cuff. A larger than appropriate cuff size 
can give falsely low measurements, while a smaller one 


can give falsely high readings. This is of particular impor- 
tance in children because of significant differences in arm 
sizes at various ages. Selection of the appropriate cuff 
size is even more difficult because of inconsistent recom- 
mendations for cuff selection. The 1987 Task Force on 
BP Control in Children recommended that the cuff blad- 
der should be wide enough to cover three-quarters of 
the upper arm length, measured from the acromion to 
the olecranon process.?4 The most recent update to the 
Task Force recommended that the width of the bladder 
cuff should equal 40% of the mid-upper arm circumfer- 
ence.” When these two recommendations are compared, 
cuffs chosen based on upper arm length criteria are larger 
on average than those based on upper arm circumfer- 
ence. In many cases, perceptions on proper cuff selection 
among healthcare providers do not match either of the 
Task Force recommendations. Irrespective of the selec- 
tion method, intra-arterial measurements often correlate 
poorly with those obtained by cuffs. The problem of the 
appropriate cuff size for indirect measurement of both 
systolic and diastolic BP is unresolved. Nevertheless, 
criteria for choosing a cuff must be used to measure BP. 
The most recent recommendations on the Task Force 
Report on High BP in Children and Adolescents are 
summarized in Box 14-1. The appropriate cuff size is 
shown in Figure 14-1. The bladder width is approximately 
40% of the arm circumference midway between the 
olecranon and the acromion processes. Careful attention 
to this protocol allows consistency between patients and 
the best comparability with the Task Force normative BP 
data (Table 14-1). 


Auscultatory and Oscillometric Methods 


Auscultation and oscillometry are the main techniques 
for indirect measurement of BP. The ‘gold standard’ 
technique for BP measurement in children is ausculta- 
tion with a sphygmomanometer containing a mercury 
column, using the stethoscope placed over the brachial 
artery pulse, proximal and medial to the antecubital 
fossa and below the bottom edge of the cuff (i.e., about 


Box 14-1 Recommendations for the 
Accurate Measurement of BP 


in Children 


e Use the appropriate cuff size 

e Measure BP in a controlled environment 

e Allow 3-5 minutes of rest in the seated position 

e The antecubital fossa must be supported at heart 
level 

e Record BP at least twice on each occasion 

e Use the average of each measurement to estimate BP 
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2 cm above the cubital fossa). An alternative to the 
mercury-based equipment is the aneroid sphygmo- 
manometer. The auscultatory method relies on the 
detection of Korotkoff sounds for determining systolic 
and diastolic BP values. Systolic BP is determined by the 
onset of the ‘tapping’ Korotkoff sounds. The phase of 
the Korotkoff sounds that defines diastolic BP has been 
controversial (see Development of Normative Data). The 
American Heart Association has established the fifth 
Korotkoff sound (K5), or the disappearance of Korotkoff 
sounds, as the definition of diastolic pressure. Similarly, 
the Task Force Report now recommends using K5 to 
define diastolic BP in children of all ages, and the BP 
tables provided in the Task Force Report use K5 as the 
diastolic BP. 

Oscillometric devices are increasingly used for deter- 
mining BP. These devices are based on the correlation 
between the oscillation generated by pulses and the BP. 
At a minimum, the devices determine mean arterial pres- 
sure and may also estimate systolic pressure. Systolic and 
diastolic pressures are reported using algorithms that are 
proprietary to the companies that manufacture each 
device. Since reference standards in children are based 
on auscultatory measurements, oscillometric devices are 
generally calibrated to mirror the values obtained through 
auscultation. However, oscillometric devices do not 
necessarily yield values that approximate auscultatory 
readings, nor do oscillometric values from one device 


— 


Acromion ————>- 


40% of circumference 
at midpoint 


Olecranon 


Figure 14-1 Diagram of proper placement of BP cuff. (From 
Update on the 1987 Task Force Report on High BP in Children and 
Adolescents: a working group report from the National High BP 
Education Program. National High BP Education Program Working 
Group on Hypertension Control in Children and Adolescents. 
Pediatrics 1996;98:649-658.7>) 
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necessarily equal values obtained from another device 
made by other manufacturers. It is therefore important 
to understand that oscillometric BPs are not completely 
interchangeable with auscultatory values, and that there 
are no established reference standards for oscillometric 
BP values in children. Nonetheless, the ease of use, inde- 
pendence from potential user bias such as terminal digit 
preference (e.g., over-reporting of BP values ending in 
zero), and the movement to remove sources of mercury 
from hospital or clinic environments has led to the use 
of oscillometric monitors as the de facto standard for 
BP measurement in children. This is particularly true in 
newborns and young infants in whom auscultation is diffi- 
cult, as well as in the intensive care units where frequent 
BP measurement is needed. However, when treatment 
decisions are to be made based on specific BP values, 
oscillometric measurements should be confirmed by 
standard auscultatory methods whenever possible. 


Ambulatory BP Monitoring (ABPM) 


ABPM is useful for the assessment of BP in children!® 
(Box 14-2). ABPM measures BP multiple times during 
a predefined time period, and more accurately reflects 
the continuous nature of BP as a hemodynamic variable 
(Figure 14-2). 

Techniques for ABPM include auscultatory, ausculta- 
tory with R-wave gating, and oscillometry. Auscultatory 
technology relies on the detection of Korotkoff sounds 
for determining systolic and diastolic BP values, similar 
to stethoscope and manual mercury manometer mea- 
surements. A microphone is placed under the BP cuff 
over the brachial artery, and this must remain in place 
throughout the monitoring period. While this potentially 
provides acceptable accuracy under controlled circum- 
stances, ambient noise levels may interfere with detec- 
tion of Korotkoff sounds and lead to erroneous values. 


Figure 14-2 Normal ambula- 160 
tory BP monitoring (ABPM) 
pattern in an 11-year-old female. 140 
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Box 14-2 Advantages of Ambulatory 


BP Monitoring (ABPM) 


It measures BP multiple times during a predefined 
time period, and more accurately reflects the contin- 
uous nature of BP as a hemodynamic variable 

It measures BP in the normal environment while 
awake and during sleep 

It takes into account transient stress-induced 
elevations in BP 

It evaluates alterations in the 24-hour circadian 
patterns of BP 

It can be used to assess the efficacy of anti- 
hypertensive medications over a 24-hour period 


The inclusion of R-wave gating synchronizes the 
Korotkoff sounds with the electrocardiographic wave- 
forms. Although this may increase accuracy, ambient noise 
may continue to be a problem. Adding electrocardiograph 
(ECG) leads and microphones, which may slip during 
monitoring, limits the use of these technologies in chil- 
dren. Oscillometry is used most frequently, and BP is 
measured using a similar technique to that in standard 
oscillometric BP equipment. The major technical limita- 
tion oscillometry is movement artifact. Nonetheless, using 
oscillometric monitors programmed to measure BP two 
to three times an hour for 24 hours is tolerated in chil- 
dren, with the most common complaint being sleep 
disruption. Wake and sleep periods are usually deter- 
mined by patient diaries, which may be subject to recall 
inaccuracy but are preferable to arbitrary wake-sleep 
definitions. 

The physician predetermines the timing and frequency 
of measurement of BP during ABPM. Multiple time inter- 
vals may be identified with a different frequency of BP 


NORMOTENSIVE 


The graph shows the systolic and 
diastolic BP tracing for the 24-hour Cee 
monitoring period. BP Gn mmHg) 100 
is shown on the vertical axis and 


time of day is shown on the hori- 
zontal axis. The solid horizontal 
lines within the graph show the 60 
age- and size-specific 95th per- 
centile for both wake and sleep 
periods. The mean wake BP is 
below the 95th percentile by Task 
Force criteria, and the BP loads 
are close to zero. 


mm Hg 
foe) 
oO 
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measurement for each interval. Typically, measurements 
are programmed for every 20 minutes during wake peri- 
ods and every 30-60 minutes during the expected sleep 
periods. Assuming an 8-hour sleep period with every 
30-minute BP measurements, 60 BP measurements 
should be made for each 24-hour period. However, errors 
during attempted measurements may reduce the number 
of successful readings. Error control within the monitors 
allows for a single additional attempt 3 minutes after 
a failed reading. From the raw data generated from the 
24-hour ABPM, more specific analyses may be performed. 
The most basic is calculation of the mean BP values. Mean 
BP can be determined for the entire 24-hour period, or 
independently for wake and sleep periods. In addition to 
mean values, BP load can be calculated, which is the 
percentage of BP readings for a given time period that 
exceeds the 95th percentile of normal for the individual 
patient. 


NORMATIVE BP VALUES IN CHILDREN 


History of the Task Force on High BP 
in Children 


Incorporation of BP measurement into routine pedi- 
atric examinations, and the publication of the Task Force 
national norms for BP in children!®?42> enabled the 
detection of significant asymptomatic secondary hyper- 
tension and also confirmed the suspicion that mild eleva- 
tions in BP during childhood and adolescence were 
more common than previously recognized. The report 
of the Second Task Force for BP Control in Children and 
Adolescents provided additional data that described the 
distribution of BP values in over 70,000 normal children.” 
These reports provide the foundation for virtually all 
current research and clinical practice in the evaluation 
of pediatric hypertension. 

Height percentile, gender, and age are now incorpo- 
rated in calculating normative percentile values for BP 
in children (see Table 14-1). The addition of height 
percentiles recognizes the fact that the relative degree 
of maturity and/or physical stature of a child within a 
chronological year increment may have substantial effects 
on BP. In fact, the difference in the 95th percentile of BP 
between children at the 5th percentile of height compared 
to the 95th percentile is consistently 8-9 mmHg. This 
wide difference based on height has obvious practical 
clinical implications for the diagnosis of hypertension in 
children. Conversely, there are no normative standards 
that account for weight or body mass index (BMD in 
children because increased BMI is considered to be a 
pathological state associated with increased cardiovas- 
cular risk. As such, pediatric patients get ‘credit’ for being 
taller, but not for being heavier. 


Controversies in Determining Diastolic 
BP (DBP) in Children (K4 versus K5) 


The reliability of the measurement of DBP is an impor- 
tant issue in the evaluation of BP in children. Whether to 
use the K4 (muffling of the Korotkoff sounds) or the K5 
sound (disappearance of Korotkoff sounds) to define the 
auscultatory DBP is controversial. This affects the preva- 
lence of DBP hypertension. Sinaiko et al. compared K4 
with K5 in 19,274 children aged 10-15 years, and found 
that the K4-K5 difference was 5-10 mmHg in 20%, 
11-20 mmHg in 11%, and greater than 21 mmHg in 3% 
of the children. !%!3 In this study, the choice of K4 or K5 
to define DBP changed the prevalence for significant 
DBP hypertension by 2-3%. Biro et al. performed a cross- 
sectional analysis of BP from 2379 nine-year-old children 
in the National Heart, Lung, and Blood Institute Growth 
and Health Study (NGHS).? Of the 159 subjects poten- 
tially classified with elevated DBP, 60% would be classi- 
fied differently depending on whether K4 or K5 was 
used to define elevated DBP. Thus, the choice of the 
onset of K4 or K5 for determining DBP in children may 
have important implications for comparing studies and 
determining the relative prevalence of systolic blood 
pressure (SBP) and diastolic blood pressure (DBP) hyper- 
tension. Nonetheless, the current standard for defining 
DBP in children is K5, and the BP tables provided in the 
Task Force Report use K5 to define the 90th and 95th 
percentile for DBP. 


DEFINITION OF HYPERTENSION 


Task Force Definition 


The 2nd Task Force developed definitions based on 
the distribution of BP in healthy children, as well as clin- 
ical experience and consensus. Normal BP is defined as 
SBP and DBP less than the 90th percentile for age and 
sex. High-normal BP is defined as average SBP or DBP 
greater than or equal to the 90th percentile, but less than 
the 95th percentile. Hypertension is defined as average 
SBP or DBP greater than or equal to the 95th percentile 
for age and sex measured on at least three separate occa- 
sions. Elevated BP must be confirmed on repeated visits 
before characterizing an individual as having hyperten- 
sion. This is because BP at the high levels tends to fall on 
subsequent measurement as the result of: (1) an accom- 
modation effect; and (2) regression to the mean. A more 
precise characterization of an individual’s BP level is an 
average of multiple BP measurements taken for weeks 
to months. According to the Task Report, with repeated 
measurement of BP, only about 1% of children and 
adolescents will be found to have hypertension. 


Despite the importance of the Task Force normative 
data in furthering our understanding of the epidemiol- 
ogy of hypertension in children, the Task Force defini- 
tion of hypertension has important conceptual limitations 
and weaknesses. The upper BP limit of normotension 
has been chosen somewhat arbitrarily as above the 95th 
percentile of the population distribution. This threshold 
limit of normality is statistical rather than functional 
and has not as yet been validated by association with 
outcomes. The widely quoted threshold of normality of 
140/90 mmHg in adults is based on the association 
between BP values that exceed this threshold and subse- 
quent morbidity and/or mortality. These associations are 
difficult to establish in children because morbid events 
such as stroke, myocardial infarction, and congestive 
heart failure are rare, except in the most severe cases of 
secondary hypertension. Hypertension defined by the 
Task Force criteria has not been found to be highly 
predictive of end-organ injury during childhood. As a 
result, there are few data to support early pharmacolog- 
ical treatment in children with borderline or moderate 
casual BP elevation. Furthermore, no longitudinal studies 
in children have investigated whether normalization of 
casual BP to less than the 95th percentile prevents or 
reverses end-organ injury. 


Ambulatory BP Definition 


The most important limitation of casual BP measure- 
ments relates to our conceptualization of BP as a hemo- 
dynamic variable. The percentile values traditionally used 
to define pediatric hypertension are generated from a 
single set of casual measurements in the school or from 
large population screenings. BP is not a static but a contin- 
uous variable that changes not only from year to year, 
but also from minute to minute. As a result, casual BP 
provides only a brief snapshot of the entire 24-hour circa- 
dian BP pattern. This circadian pattern may be altered in 
a number of ways that cannot be captured by intermittent 
daytime casual BP measurements, even when repeated on 
several occasions. In addition, some patients may repeti- 
tively manifest a transient, stress response when BP is 
measured in the presence of a medical professional 
(White Coat hypertension’). This phenomenon may cause 
over-diagnosis of hypertension and lead to unnecessarily 
aggressive and costly diagnostic studies and treatment. 
The advantages of ABPM are listed in Box 14-2. Critical 
to the interpretation of ABPM data is the availability of 
normative data against which ABPM results may be 
compared. Task Force BP data are derived exclusively 
from awake casual BP measurements and therefore are 
of limited utility for interpretation of ABPM data. The 
largest multicenter study to date from Soergel et al. 
involved 1141 healthy children stratified by height to 


Hypertension: Principles for the Practitioner 115 


Box 14-3 Increasing Importance of 


Systolic Hypertension 


e Mild to moderate SBP elevation is associated with 
increased left ventricular mass 

¢ SBP is more closely linked to left ventricular 
morphology than DBP 

e Increased LVM is associated with SBP, even when 
SBP falls in the ‘normal’ range 


establish the 50th, 90th and 95th percentile for 24-hour, 
day and night mean BP by ABPM.!* These normative data 
provide better guidance in children for what constitutes 
not only daytime ambulatory hypertension, but also night- 
time and 24-hour hypertension. 


Systolic Versus Diastolic BP 


In adults, the paradigm of essential hypertension has 
shifted to an emphasis on SBP because SBP hypertension 
in older patients is more common, is a marker for vascu- 
lar disease, predicts cardiovascular morbidity and mortal- 
ity and, when treated, results in decreased morbidity and 
mortality. In children and adolescents, data supporting a 
similar pattern of disease are emerging.!>-?! SBP hyper- 
tension is more common in children, whether examin- 
ing an unselected sampling of patients by routine 
screening or a selected sampling of referred hyperten- 
sive patients. Evidence in children suggests that even 
mild to moderate BP elevation is associated with 
increased left ventricular mass (LVM), and that SBP 
appears to be more closely linked to left ventricular 
morphology than DBP. This association persists even 
when controlling for other variables such as age and 
body habitus. Among patients with hypertension by 
conventional definition, the reported prevalence of left 
ventricular hypertrophy (LVH) defined by pediatric stan- 
dards ranges from 30 to 70%, and is more closely related 
to SBP than to DBP. Furthermore, increased LVM has 
been associated with SBP even in patients whose SBP 
falls within the ‘normal’ range. These data indicate that 
SBP hypertension in children should be considered to be 
of primary prognostic significance. This assertion has 
practical implications. The treatment of hypertension 
should be directed at the normalization of SBP, even 
when DBP is within the normal range. Trials of anti- 
hypertensive medications in children should incorporate 
SBP hypertension into the study inclusion criteria. 
Future pediatric studies should be aimed at demonstrat- 
ing regression of LVM with effective treatment of both 
SBP and DBP elevation, and at prevention of cardiovas- 
cular morbidity by early initiation of such treatment. 
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PREVALENCE OF HYPERTENSION 


The overall prevalence of pediatric hypertension is 
uncertain, but appears to be increasing. One of the earli- 
est and largest studies was by Silverberg et al. in 1975, 
who performed BP screening on over 15,000 Canadian 
children.!! BP was measured at a single visit with hyper- 
tension defined as BP greater than 140/90 mmHg. Using 
these criteria, the prevalence of hypertension was found 
to be 6.1% for SBP and 1.8% for DBP. Fixler et al. 
published the results of a similar screening program in 
the United States using the same definition of hyperten- 
sion, but added two subsequent sets of BP measure- 
ments in the children found to be hypertensive on initial 
screening.’ The overall prevalence of hypertension was 
lower after follow-up measurements, decreasing from 
approximately 9% initially to less than 2% by the third set 
of measurements. 

The reliance on adult definitions rather than on 
currently accepted pediatric definitions from the Task 
Force data makes the validity of these earlier studies 
uncertain. By definition, the prevalence of hypertension 
in children should approximate 5% as the threshold for 
diagnosing hypertension is values that exceed the 95th 
percentile. However, the Task Force normative values 
are based on a single set of measurements. As recom- 
mended in the Task Force report, elevated BP must be 
confirmed on repeated visits before characterizing an 
individual as having hypertension. According to the Task 
Force estimates, with repeated measurement of BP using 
measurement techniques standardized for children, 
about 1% of children and adolescents will be found 
to have hypertension. A study by Sinaiko et al. in 1989 
reported the prevalence of hypertension in approxi- 
mately 15,000 school children using the age and gender- 
specific percentile values from the Task Force.!? In 
contrast to the previous studies, the prevalence of hyper- 
tension after two sets of measurements on different 
visits was 0.3% for SBP and 0.8% for DBP. These low esti- 
mates must be balanced against the observation that the 
epidemiology of cardiovascular risk factors in children is 
changing for the worse. In the US, the prevalence of 
obesity among children has increased from 5 to 11% in 
national surveys from the 1960s to the 1990s.8 Current 
estimates of the prevalence of obesity among school- 
aged children are even higher.’ As the Task Force data 
were collected in the 1970s and 1980s, the current pedi- 
atric 95th percentile would almost certainly be higher 
than in previous decades. Recent studies place the preva- 
lence of hypertension much higher than previously 
reported, particularly among ethnic minority adoles- 
cents.° Sorof et al. reported an estimated prevalence of 
hypertension of 9.5% after three sets of screenings in an 
urban public school system, in conjunction with a 


prevalence of obesity of 23%.!° Thus, the current preva- 
lence of pediatric hypertension, although still uncertain, 
is likely to be far greater than the 1% quoted in the most 
recent Task Force reports. 


DIAGNOSTIC APPROACH TO 
HYPERTENSION 


Differential Diagnosis 


The complete differential diagnosis for persistent 
hypertension in children can be extensive. However, 
the more common causes of hypertension in children 
may be categorized into a few broad categories. As the 
potential cause of hypertension in children is often 
age-dependent, the differential diagnosis can be further 
narrowed simply by focusing on diagnoses consistent 
with the age of the patient (Table 14-2). As a general 
rule, the younger the patient and the more severe the 
hypertension, the more likely it is that a secondary cause 
for the hypertension is present. When the index of suspi- 
cion is very high for an underlying cause, an exhaustive 
evaluation may be necessary, and primary hypertension 
would be diagnosed by exclusion. However, an exten- 
sive and invasive battery of diagnostic studies is not always 
indicated or appropriate for every patient whether or not 
a secondary cause is suspected. 

In hypertensive newborns and infants, an indwelling 
umbilical artery catheter during the perinatal period is 
virtually pathognomonic for a thromboembolic event via 


Table 14-2 Causes of Pediatric Hypertension 


by Age Group 


Age Group Causes 


Newborn/infants Renal parenchymal infarct from umbilical 
artery catheter 

Prematurity with chronic lung disease 

Renal artery or vein thrombosis 

Coarctation of aorta 

Renal parenchymal scarring from urinary 
tract infection 

Coarctation of aorta 

Renal artery stenosis 

Glomerular diseases (e.g., glomerulonephritis, 
nephrotic syndrome) 

Glomerular diseases 

Renal parenchymal scarring from urinary 
tract infection 

Renal artery stenosis 

Primary hypertension 

Chronic renal failure 

Primary hypertension 

Glomerular diseases 

Chronic renal failure 


1 to 6 years 


6 to 12 years 


>12 years 


the renal artery as the cause of hypertension. While basic 
renal function studies and a renal ultrasound would be 
indicated, further imaging studies in this age group are 
not useful as they are too insensitive to detect small 
infarcts caused by an indwelling umbilical catheter. 
Furthermore, the majority of these children will normal- 
ize their BP with age. Older children and adolescents 
with borderline or mild hypertension and known hyper- 
tension risk factors such as obesity may require minimal 
diagnostic evaluation prior to the diagnosis of primary 
hypertension. Thus, the extent to which a diagnostic eval- 
uation should be aggressively pursued is highly depend- 
ent on the clinical context and on the clinical acumen of 
the treating physician. 

Most hypertensive children have mild to moderate BP 
elevation and can be evaluated and treated on an outpa- 
tient basis. However, children with severe hypertension 
(defined as >20 mmHg above the 95th percentile) may 
require an inpatient evaluation. When symptomatic hyper- 
tension is present, as evidenced by severe headache, 
neurological changes, or congestive heart failure, an eval- 
uation in the intensive care unit is prudent until the BP 
can be adequately controlled. A sub-specialist experienced 
in the evaluation of hypertensive children may best direct 
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a complete diagnostic evaluation. Figure 14-3 provides 
a very basic overview of how a focused diagnostic eval- 
uation for hypertension might be directed based on: 
C1) clues from the history, physical examination, and 
preliminary evaluation; (2) suspected diagnoses based 
on those clues; and (3) diagnostic studies that might be 
considered based on the suspected diagnoses. Although 
other diagnoses are also possible and may ultimately 
need to be considered, the majority of hypertensive chil- 
dren will fall into one of these categories. 

For all patients, a careful medical history and physical 
examination is critical. Whenever possible, documenta- 
tion of previous BP values should be sought to deter- 
mine whether the hypertension is acute or chronic. The 
medical history should include the neonatal history 
specifically regarding umbilical artery catheterization. 
A history of urinary tract infection(s) may suggest 
renal scarring secondary to reflux nephropathy and/or 
pyelonephritis. Symptoms suggestive of glomerulonephri- 
tis such as a recent history of pharyngitis, gross hema- 
turia, edema, unusual rashes, or arthralgias may direct 
attention to a glomerular basis for the hypertension. 
The physical examination should include attention to 
demeanor, wet cold palms, and heart rate to determine 


Follow-up 
6 months 


Urinalysis 
BUN, creatinine 
Clues | Infant s/p History 
UAC of UTI 


Diff Dx 


Work-up Ultrasound 


DMSA scan 


Hypertension by task force criteria 


No 
Yes 
Begin diagnostic 
evaluation* 
Hematuria/proteinuria | | Discrepant 4-limb BPs Evidence of 
Elevated creatinine Poor peripheral pulses | | catecholamine excess 
Renal | | Renal scarring | | Glomerulonephritis (GN) 
infarct | | Pyelonephritis | | Renal parenchymal dis 
GN evaluation 


Ultrasound 
VCUG Renal biopsy 


Yes 


Pts with CV 
risk factors 


Fasting lipid profile, 
insulin, glucose 


Coarctation 
of aorta 


Echocardiogram 


Neuroblastoma 
Pheochromocytoma 


Urine/serum catecholes 
Abdominal CT or MRI 
MIBG scan 


* Negative preliminary evaluation may indicate need for renal arteriogram to rule-out renal artery stenosis 


Figure 14-3 Algorithm for the evaluation of an uncomplicated hypertensive patient. CV = 
cardiovascular; MIBG = meta-iodobenzylguanidine; Persistent = hypertension confirmed on at least 
three separate occasions; SEVERE = BP more than 20 mmHg above the 95th percentile; UAC = 
umbilical artery catheter; UTI = urinary tract infection; VCUG = voiding cystourethrogram. 
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Box 14-4 Syndromes Associated with 


Hypertension 
Cushing’s syndrome Hyperthyroidism 
Adrenal hyperplasia Pheochromocytoma 
Liddle’s syndrome Cohn’s syndrome 
Neurofibromatosis Williams’ syndrome 


whether the patient has evidence of excessive anxiety. 
The neck should be examined to detect thyromegaly. 
The cardiovascular examination should include careful 
auscultation for murmurs, as well as palpation of femoral 
pulses and four-extremity BP measurement for possible 
coarctation of the aorta. The abdomen should be auscul- 
tated for bruits and palpated for masses. Rashes, arthritis, 
or peripheral edema would suggest a systemic disease 
with associated glomerulonephritis. Syndromes associ- 
ated with hypertension are summarized in Box 14-4. 

The least invasive and most cost-effective strategy for 
the evaluation of children with elevated BP is a staged 
diagnostic approach. The first step should be to follow 
the Task Force recommendation of three BP measure- 
ments on three different occasions at least 1 week apart. 
This recommendation is based in part on epidemiologi- 
cal studies showing that most children with elevated BP 
on an initial measurement will normalize with repeated 
measurements. In the absence of severe hypertension 
(i.e., >99th percentile or symptomatic), no further eval- 
uation need be undertaken unless persistent hyper- 
tension is confirmed in clinic. Once a diagnosis of 
hypertension is confirmed by repeated BP measure- 
ments exceeding the 95th percentile, decisions must be 
made on further evaluation and treatment. 

Most children and adolescents with BP levels at or just 
greater than the 95th percentile for their age and sex are 
overweight and have family histories of hypertension. 
For these, careful histories and physical examination are 
most important. They require few diagnostic tests other 
than a urinalysis and blood profiles to examine blood 
urea nitrogen and serum creatinine concentrations. An 
abnormal lipid profile is a cardiovascular risk factor that 
may be associated with hypertension in children. A lipid 
profile may provide useful information because many 
overweight children and adolescents with hypertension 
may have elevated triglycerides and low-density lipopro- 
tein (LDL) cholesterol levels with low levels of high- 
density lipoprotein CHDL) cholesterol. 


ABPM and ‘White Coat Hypertension’ 


ABPM has increasingly become part of the initial eval- 
uation at many pediatric centers, especially those with a 
large number of hypertension patient referrals. From the 
raw data generated from the 24-hour ABPM, detailed 


analyses may be performed to determine whether a 
patient is hypertensive in a non-medical setting. The 
most basic analysis is calculation of the mean BP values. 
Mean BP can be determined for the entire 24-hour 
period, or independently for wake and sleep periods. 
Hypertension may be defined as mean 24-hour BP 
exceeding the 95th percentile of mean ambulatory BP in 
children, or by separately comparing wake and sleep 
periods with normative values. Further analysis may 
include calculation of the BP load (percentage of BP 
readings for a given time period that exceeds the 95th 
percentile of normal for the individual patient). In hyper- 
tensive children, an elevated mean 24-hour SBP in combi- 
nation with a SBP load greater than 50% was found to be 
associated with a prevalence of LVH of 47%, as compared 
to 10% when both criteria were not met.!8 

If both mean BP and BP load are in the normal range, 
‘White Coat hypertension’ is diagnosed and no further 
diagnostic evaluation may be necessary at that time. In 
studies of adults with casual BP elevation, the reported 
prevalence of White Coat hypertension by ABPM is 
20-60%. In the largest pediatric study to date, Sorof et al. 
found that the frequency of White Coat hypertension 
was 35% (40/115) for all patients, and 22% (11/51) for 
those with hypertension confirmed in the clinic prior to 
performing ABPM.'77° While these results suggest that 
the phenomenon of White Coat hypertension does 
occur commonly in children, it should be emphasized 
that it might not be an entirely benign condition, and in 
fact may represent a pre-hypertensive state. In adults, 
37% of patients with White Coat hypertension developed 
persistent hypertension over a period of 6 months to 6.5 
years.2° There are currently no data available on the 
long-term follow-up of children with White Coat hyper- 
tension on initial assessment. Further research may 
determine whether early diagnosis of this condition in 
children allows early intervention to prevent the devel- 
opment of persistent hypertension and its sequelae.° 

When hypertension is confirmed by ABPM, further 
evaluation should be tailored to the individual patient, 
depending on the patient’s age, severity of hypertension, 
and associated risk factors (obesity, family history of 
hypertensions African-American ethnicity).?° It is appro- 
priate to consult with a physician experienced in child- 
hood hypertension for children in whom further testing 
for underlying causes of hypertension is indicated to 
determine the type and extent of diagnostic testing 
necessary for a given child. Based on the determination 
of whether the hypertension is primary (essential) or 
secondary, specific targeted therapies may be appropriate. 


Evaluation of Secondary Hypertension 


Children and adolescents with DBP and SBP well 
above the 95th percentile frequently have an underlying 
cause of hypertension. The diagnostic evaluation may 
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Figure 14-4 Dimercaptosuccinic acid (DMSA) renal scan 
showing renal scarring from pyelonephritis. 


include various types of renal imaging studies, as second- 
ary hypertension in children is most commonly due to 
underlying renal or renovascular pathology. A renal ultra- 
sound may be useful as an initial non-invasive screening 
study to detect gross structural abnormalities and/or 
asymmetry between kidneys. When renal parenchymal 
injury causing unregulated overproduction of renin is 
suspected based on a previous history of urinary tract 
infections or by ultrasound abnormalities, a dimercapto- 
succinic acid (DMSA) renal scan to detect focal functional 
defects consistent with renal scarring is often necessary 
(Figure 14-4). If a scar is detected, a voiding cystourethro- 
gram to detect vesicoureteral reflux as the mechanism 
for scar formation is warranted. Among children with 
secondary hypertension, renal artery stenosis is rela- 
tively common, usually due to fibromuscular dysplasia 
(Figure 14-5). The only consistently reliable diagnostic 
study to diagnose renal artery stenosis is renal arteriog- 
raphy. Arteriography is often performed only after more 
non-invasive studies have failed to reveal the cause of 
hypertension. However, in patients with diseases that 
predispose to arteriopathy such as neurofibromatosis, 
arteriography is indicated early in the diagnostic evalua- 
tion. Sending a blood sample to centers capable of 


Figure 14-5 Renal arteriogram showing renal artery stenosis 
(arrow) secondary to fibromuscular dysplasia. 
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performing the genetic testing can now identify genetic 
types of hypertension, such as glucocorticoid-remediable 
aldosteronism. 


Assessment for End-Organ Injury 


Severe hypertension in children is associated with 
significant risk of short-term morbidity and mortality. In 
one of the earliest studies published in 1967, Still et al. 
described the morbidity and mortality of severe hyper- 
tension in children with 55 patients with DBP greater 
than 120 mmHg and cardiomegaly by examination or 
LVH by electrocardiography.?> The presenting signs 
were papilledema in 36%, seizures in 22%, and facial 
palsy in 6%. The mortality rate was 56%. A more recent 
study systematically investigated 88 children with mild 
to moderate hypertension (either SBP or DBP greater 
than the 90th percentile) for evidence of target organ 
injury. Retinopathy was found in 50% of patients, 
glomerular hyperfiltration in 49%, and LVH in 36%. These 
recent data suggest that target organ injury does occur in 
children with even moderate BP elevation. 

Since morbid cardiovascular events are rare in the 
majority of hypertensive children, attention has focused 
on other markers of hypertensive injury such as increased 
left ventricular mass index (LVMD and the presence of 
LVH. Studies of normal and hypertensive children have 
found that systolic BP and LVMI are positively associated 
across a wide range of BP values, with no clear BP thresh- 
old to predict pathologically increased LVMI. A recent 
multicenter study of LVH of 115 hypertensive children 
with a mean age of approximately 14 years found that 
the prevalence of LVH was 38% by pediatric criteria and 
16% by adult criteria (consistent with severe LVH).° 
Thus, hypertensive sequelae in the form of cardiac remod- 
eling appears to occur early in the course of disease well 
before the onset of clinical morbidity or mortality. 

For these reasons, it can be argued that the assess- 
ment of a hypertensive child should include an echocar- 
diogram to detect elevated LVMI and/or the presence 
of LVH. The protocol for measuring LVM, indexing to 
height, and determining the thresholds for defining 
LVH has been described.!* If echocardiography reveals 
normal LVMI and ambulatory BP falls within the normal 
range, expectant care with a prolonged trial of non- 
pharmacological management may be recommended. 
Conversely, when ambulatory hypertension is confirmed 
and/or LVH is diagnosed, the echocardiographic findings 
may indicate the need for pharmacological therapy. 


TREATMENT 


One of the most difficult issues in the care of children 
with elevated casual BP is determining whether to initi- 
ate anti-hypertensive medication. Although the presence 
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of elevated BP in children represents a cardiovascular 
risk factor, BP values of hypertensive children tend to 
normalize with repeated measurements over time with- 
out pharmacological treatment.> In addition, BP in chil- 
dren is inherently variable as evidenced by the greater 
than 75% prevalence of White Coat hypertension reported 
in children with persistent mild to moderate casual BP 
elevation.’ These observations must be balanced 
against the accumulating body of evidence that children 
with cardiovascular risk factors suffer target organ injury 
relatively early in their disease course that may be 
reversible or preventable with appropriate intervention. 
The decisions regarding treatment are most difficult 
when the patient is an otherwise healthy adolescent 
with mild to moderate hypertension and some combina- 
tion of the cardiovascular disease risk factors such as 
obesity, a family history of hypertension, and an ethnic 
predisposition to hypertensive disease. 


Non-Pharmacological Treatment 


Since the majority of children with primary hyperten- 
sion are also overweight, the focus of non-pharmacological 
therapy in them has been on weight loss and exercise. 
The positive effect of weight loss on BP in children has 
been demonstrated in several uncontrolled interventional 
studies. The only controlled study was performed by 
Rocchini et al., who randomized overweight adolescents 
to three interventions over a 20-week period, namely 
diet alone, diet plus exercise, and control (no interven- 
tion). Changes in SBP from baseline in the diet plus exer- 
cise group, diet alone group, and control group were 
—16 mmHg, —10 mmHg, and +4 mmHg, respectively. 110 
This study provides the most definitive evidence that 
weight loss - particularly in conjunction with exercise - 
can be beneficial in the treatment of obesity hyperten- 
sion in children. However, the long-term benefits of 
weight loss on BP remain to be defined as it is unknown 
whether the decline of BP observed during acute weight 
loss is maintained. 


Pharmacological Treatment 


Although anti-hypertensive medications have been 
studied extensively in adults and used widely in chil- 
dren, until recently no anti-hypertensive medications 
had been approved for use in children under 12 years of 
age in the United States due to a lack of randomized 
controlled clinical trials. As a result, the pharmacological 
management of childhood hypertension had been based 
mainly on data from adult studies. To address this issue, 
the US Food and Drug Administration Modernization Act 
of 1997 offered extension of marketing exclusivity in 
return for approved clinical trials of medications with 
pediatric indication. This legislation has resulted in a 


significant increase in pediatric trials of anti-hypertensive 
medications. Recently completed or ongoing trials of anti- 
hypertensive medications have included virtually all 
classes of drugs, such as beta-blockers, calcium channel 
blockers, ACE inhibitors, and angiotensin II receptor 
blockers (ARB). At present, the results of only one of these 
studies on the combination drug bisoprolol fumarate/ 
hydrochlorothiazide (B/HT), consisting of a selective B-1 
adrenoceptor blocking agent and hydrochlorothiazide 
(HCTZ), has been published. This randomized, double- 
blind, placebo-controlled trial in 94 randomized subjects 
showed that B/HT induced significant reductions 
compared to placebo for SBP (9.3 versus 4.9 mmHg; 
p <0.05) and DBP (7.2 versus 2.7 mmHg; p <0.05).27 The 
preliminary results from other trials of drugs such as 
enalapril, lisinopril, losartan, and amlodipine have all 
shown efficacy for lowering BP with side-effect profiles 
comparable to placebo. Thus, there is good evidence 
that the same drugs that are effective in hypertensive 
adults are also effective in children. 

The choice of drug as first-line therapy remains uncer- 
tain, and may depend on the etiology of the hyperten- 
sion. Many causes of secondary hypertension in children 
are related to overproduction of renin and may thus be 
particularly responsive to the effects of ACE inhibitors or 
ARB medications. There are currently no data available 
to support a particular class of drug for the treatment 
of primary hypertension in children. Recent trials in 
hypertensive adults suggest superiority of ACE inhibitors 
over the conventional first-line therapies of beta-blockers 
and thiazides for the prevention of hypertension-related 
morbidity and mortality; the applicability of these stud- 
ies to the treatment of children remains to be demon- 
strated. For the pharmacological treatment of pediatric 
hypertension, the choice of drug and the appropriate 
dosing of that drug is best left to the specialist in consul- 
tation with the primary care provider. 


CONCLUSIONS 


The prevalence and severity of hypertension is increas- 
ing in both children and adolescents. These observations 
suggest that the trend of decreasing cardiovascular 
disease in adults observed over the past 50 years may be 
reversed as the current population of hypertensive chil- 
dren and adolescents become adults.4 Although signifi- 
cant progress has been made with regard to children 
with hypertension in the definition of hypertension, 
recognizing that the sequelae of hypertension begin in 
childhood, and in developing evidence-based guidelines 
for the pharmacological treatment of hypertension, much 
remains to be done. Hypertension in childhood should 
be considered a chronic medical condition that may 
require long-term treatment. If physicians who care for 


hypertensive children seek to promote health that 
extends beyond the traditional pediatric age range, early 
recognition and intervention for hypertension clearly 
must begin in childhood. 
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INTRODUCTION 


Bones are dynamic structures with multiple physiologic 
activities. They are the major repositories for calcium and 
phosphorus, and have key roles in calcium metabolism 
and hematopoiesis. The kidney plays a major role in 
maintaining calcium and phosphorus balance in the 
bones. Therefore, renal disease can cause major pertur- 
bations in bones. 
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BONE MINERALIZATION 


Rickets is caused by disorders that alter vitamin D 
metabolism, and is characterized by inadequate mineral- 
ization of growing bones. Bone development requires 
appropriate amounts of vitamins, minerals and, in partic- 
ular, calcium and phosphorus, and the vitamin D 
hormones. Calcium and phosphorus are needed for the 
formation of hydroxyapatite crystals that are the mineral 
building blocks of bone. Bone mineralization occurs 
by intramembranous and enchondral ossification. In 
intramembranous ossification, bone is formed directly 
from bone cells. The cranial and facial bones form by 
intramembranous ossification. In enchondral ossifica- 
tion, calcified cartilage matrix is remodeled into bone. 
Enchondral ossification results in longitudinal growth of 
the bones, and occurs at the physis or epiphyseal carti- 
lagenous growth plate. Tubular, flat, and cuboidal bones 
are formed by enchondral ossification. The mandible 
and clavicle develop by both mechanisms. The physis is 
composed of columns of cartilage cells organized into 
four parallel zones; these are the resting, proliferating, 
hypertrophic, and calcifying zones (Box 15-1). Bone 
remodeling with absorption of osteoid and calcium by 


Box 15-1 Zones and Activities within 


the Physis 


Resting zone 
Proliferating zone 
Hypertrophic zone 
Calcifying zone 
(zone of provisional 
calcification) 


Little activity 

Active cartilage cell division 

Maturation 

Formation and mineralization 
of osteoid matrix 


osteoclasts occurs in the adjacent metaphyseal region 
called the primary spongiosa. 

The primary metabolic abnormality in rickets occurs 
at the zone of provisional calcification of the physis. 
Diminished calcification of cartilage cell columns, 
continued osteoid production by osteoblasts and dimin- 
ished resorption of osteoid and calcium due to impaired 
osteoclast function results in a widened irregularly calci- 
fied physis. The contiguous metaphysis is also affected 
and manifests as enlargement of the wrists, knees, and 
rib ends (rachitic rosary). Metaphyseal broadening or 
‘cupping’ results from changes related to stress at sites of 
ligament attachment, splaying of cartilage cells periph- 
erally and microfracturing of the primary spongiosa by 
herniation of cartilage into this area. Softening of the 
bone results in bowing. Evaluation of the metaphy- 
seal-physeal region is essential for the diagnosis of rick- 
ets because this is where the most specific abnormality 
occurs. 


RADIOGRAPHIC APPEARANCES OF 
GROWING BONES 


In a normal child, the first three zones of the physis are 
lucent and the zone of provisional calcification is similar 
in density to the mature mineralized bone. Abnormalities 
of mineralization affect the appearance of the zone of 
provisional calcification. As a result, radiographs of the 
physis of the growing child have a crucial role in the 
diagnosis and management of rickets. The plain radi- 
ograph is the primary imaging tool for the evaluation of 
suspected metabolic bone disease due to rickets. 
Currently, there is no role for computed tomography or 
nuclear bone scintigraphy in the evaluation of rachitic 
bone. Magnetic resonance imaging (MRD is an ideal imag- 
ing modality for evaluating cartilaginous structures, but 
because subtle mineralization is not well seen, MRI has 
limited usefulness in the evaluation of rickets. In addi- 
tion, sedation is necessary for most children aged less 
than 6 years. Ultrasound can be used to identify a meta- 
physeal fracture in rickets. 

The degree of mineralization, the shape of the bone 
and the appearance of the physis should be noted. 
Hypomineralization of the skeleton (osteopenia) is a 
feature, but is not specific for rickets. Radiographically, 
osteoporosis and osteomalacia resemble osteopenia. 


Clinical Pearl 


The imaging findings of rickets - whether the cause is 
nutritional deficiency, medication, or diseases of the 
liver, kidneys, or gastrointestinal tract - are often 
indistinguishable. 
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Clinical Pearl 


e Osteopenia is decreased bone mineralization. 

e Osteoporosis is normal mineralization of diminished 
bone mass 

e Osteomalacia is diminished mineralization of normal 
bone mass 


Choosing the part of the body to image depends on the 
age of the child, because the rate of longitudinal growth 
and physiologic activity differs throughout the skeleton. A 
chest radiograph is useful for detecting abnormal miner- 
alization in the neonate, infant, and young child. 
Abnormalities of the metaphyseal-physeal region can be 
seen in the proximal humeri and anterior rib ends. In 
most children, the wrists and knees are regions of rapid 
growth and show the most change. Bilateral views of 
these regions are recommended to help determine if 
abnormal findings are due to generalized metabolic 
disease or a unilateral process such as infection or trauma. 

Accelerated or delayed bone-age is also a common 
manifestation of metabolic bone disease. Therefore, the 
radiograph of the left hand is useful because it not only 
provides a view of the physeal region of the distal radius 
and ulna, but also determines the patient’s skeletal age. 
Similarly, in children less than 1 year of age, the knee 
radiograph evaluates the distal femoral and proximal tibial 
and fibular physes and also determines skeletal age. 

Classic rachitic changes are present after the neonatal 
period. Radiographs of the long bones reveal widening 
and irregularity of all the physes as well as ‘fraying’ and 
broadening of the metaphyses. The fraying may resem- 
ble the appearance of a paintbrush, or be disordered and 
irregular. In addition, the bones are demineralized and 
the cortical outlines of the epiphyseal ossification centers 
become blurred or non-apparent. A chest radiograph 
shows irregularity of the proximal humeral metaphyses 
and enlargement and irregularity of the anterior rib ends. 
In the long bones there is loss of the metaphyseal collar, 
a straight-edged segment of 1-3 mm in length represent- 
ing the newly ossified metaphysis. 

In ongoing, untreated rickets, deformities due to soft- 
ening of bone occur as a result of normal stress on the 
skeleton. Femoral and tibial bowing is most common 
and is typically seen in the newly crawling or walking 
child. Children with poor muscle tone may develop genu 
valgum (knock knees). Findings in the pelvis include 
coxa vara and protrusio acetabuli. The thorax may develop 
an hour-glass shape, and there may be postural molding 
and frontal bossing in the skull. 

Radiographs are extremely useful for monitoring the 
response to therapy for rickets. Treatment with vitamin D 
results in calcium deposition in the zone of provisional 
calcification which, when newly repaired, appears as 
a dense metaphyseal band. These findings are seen 
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2-3 weeks after the initiation of therapy in children with 
nutritional rickets, and after 2-3 months in children with 
renal rickets. Deformities caused by bone softening may 
persist, even after successful treatment. 


VITAMIN D METABOLISM AND 
CALCIUM HOMEOSTASIS 


Vitamin D is essential for the maintenance of 
adequate levels of calcium and phosphorus in the bones 
by its actions on the intestine and kidney. In the gut, the 
vitamin is necessary for active absorption of dietary 
calcium, while in the renal tubules it stimulates reab- 
sorption of calcium and inhibits reabsorption of phos- 
phorus. Vitamin D deficiency can result from inadequate 
amounts of dietary vitamin D, inadequate exposure to 
sunlight, or from disorders affecting the intestine, kidneys, 
or liver. A lack of adequate calcium intake or metabolism 
causes abnormalities in bone mineralization. 

Cholecalciferol (vitamin D3) is produced endogenously 
in the skin by the conversion of 7-dehydrocholesterol to 
cholecalciferol (vitamin D3) by ultraviolet radiation. 
Ergocalciferol (vitamin D2) is obtained exogenously from 
the diet and absorbed in the gut. Both vitamin D2 and D3 
are hydroxylated in the liver to 25-hydroxyvitamin D by 
the action of microsomal enzymes. 25-Hydroxyvitamin D 
is then converted in the kidney to 1,25-dihydroxyvitamin 
D by the enzyme 1-o-hydroxylase. 1,25-Dihydroxyvitamin 
D is the active form of vitamin D that binds to the vita- 
min D receptor and activates absorption of calcium and 
phosphorus from the intestine, and then mobilizes 
calcium and phosphorus from the bone into the blood. 
Elevated parathyroid hormone (PTH) levels, hypocal- 
cemia, and hypophosphatemia increase the activity of 
1-o-hydroxylase. Hyperparathyroidism also increases bone 
resorption and distal tubular reabsorption of calcium, 
thereby increasing the serum calcium concentration. 


Clinical Pearl 


An understanding of vitamin D metabolism and calcium 
homeostasis is essential in the evaluation and treatment 
of the child with rickets. 


DIFFERENTIAL DIAGNOSIS OF RICKETS 


Once the radiological features of rickets are docu- 
mented, the etiology must be determined so that the 
appropriate therapy can be initiated to allow timely 
bone repair and growth. 


Clinical Pearl 


Rickets can be caused by nutritional deficiencies, renal 
disease, hepatic disease and primary bone disorders. 


Nutritional Rickets 


Inadequate dietary intake of vitamin D is the most 
common cause of nutritional rickets. Dark-skinned infants 
who are primarily or exclusively breast-fed are most at 
risk due to lack of sun exposure and production of 
endogenous vitamin D as well as insufficient dietary vita- 
min D. Other groups at risk are children on strict vegan 
diets that exclude dairy products. Children with malab- 
sorption syndromes such as short gut syndrome, celiac 
disease, or cystic fibrosis have malabsorption of fat-solu- 
ble vitamin D.!? Many antacids, by decreasing dietary 
phosphate absorption, can cause rickets. The incidence 
of rickets has recently increased,!° this being partly due 
to an increase in breast-feeding without appropriate 
vitamin supplementation. In addition, recent efforts to 
prevent skin cancer such as protective clothing, avoid- 
ance of direct sunlight and regular use of sunscreens 
decrease endogenous vitamin D synthesis in the skin 
(Box 15-2). 

Decreased vitamin D concentration prevents adequate 
calcium absorption from the intestine, and as a result the 
serum calcium concentration decreases. In response, PTH 
levels increase to restore serum calcium. PTH causes 
increased urinary losses of phosphorus and calcium loss 
from the bone. Consequently, phosphorus levels decline 
and the bone matrix breaks down. Alkaline phosphatase 
activity increases. es 

The clinical presentation of nutritional rickets in chil- 
dren is variable. This condition most commonly comes 
to medical attention between 6 and 18 months of age 
with a failure to thrive and/or skeletal abnormalities, 
such as bowing of the legs, splaying of the wrists, costo- 
chondral beading or fracture. Some may present with 
developmental delay, hypocalcemia, tetany, weakness, 
or seizure.'> Others are diagnosed incidentally by a radi- 
ographic finding. 

The treatment of nutritional rickets is vitamin D 
supplementation. Oral ergocalciferol (vitamin D2) is 
recommended at a dose of 2000-5000 IU daily for 


Box 15-2 Nutritional Causes of Rickets 


Vitamin D deficiency Nutritional deficiency - 
breast milk 

Decreased sunlight 

Short gut syndrome, celiac 
disease, cystic fibrosis 

Antacids 

Prematurity 

Neonatal hyperalimentation 

Children in Kwa-Zulu, 
South Africa 


Malabsorptive disorders 
Phosphate depletion 


Calcium deficiency 


6-12 weeks, followed by a maintenance dose of 400 IU 
daily after bone healing is complete.!? A large single 
dose of vitamin D (15,000 ug; 600,000 IU) can also be 
given. In 4 to 6 weeks, radiographs should be repeated 
to document bone healing. If bone healing is not complete 
after several months, other causes of rickets must be 
looked for. 

The recommended daily requirement of vitamin D for 
the prevention of rickets in infants, children, and adoles- 
cents was previously 400 IU (10 ug), but it is now 
200 IU.? The vitamin D content of human milk is approx- 
imately 25 IU/I. Infant formulas contain a minimum of 
40 IU per 100 kcal, and a maximum of 100 IU per kcal. 
Therefore, infants must consume at least 500 ml of 
formula to receive the recommended 200 IU of vitamin D 
per day. The AAP recommends that all breast-fed infants 
who consume less than 500 ml of milk should receive 
vitamin D supplementation. In addition, all older children 
or adolescents who do not get regular sun exposure, do 
not drink at least 500 ml of vitamin D-fortified milk, or do 
not take a multivitamin preparation should also receive 
vitamin D supplementation of at least 200 IU daily.° The 
outcome of nutritional rickets is good. Bone healing starts 
only days after treatment is initiated and progresses over 
several months. Bony abnormalities may persist for several 
months or years, and in extreme cases may be permanent. 


Congenital Rickets 


In-utero causes must be considered when rickets 
develops in a term infant aged less than 6 months. These 
include maternal vitamin D deficiency,!” poorly controlled 
hyperparathyroidism,!* renal insufficiency,! administra- 
tion of phosphate enemas during pregnancy, or infants 
born to mothers who are on strict vegan diets. Nutritional 
rickets in an otherwise normal infant usually does not 
become clinically apparent before 6 months of age due 
to maternally derived prenatal stores of vitamin D. Early 
presentation of rickets may also occur in term infants 
with proximal renal tubular acidosis or neonatal obstruc- 
tive jaundice. Primary hyperparathyroidism!4 and hypo- 
phosphatasia can be confused with rickets in this age 
group. 


Prematurity 


The increasing number of viable, premature 
(<32 weeks’ gestation), low birth weight (<1500 g) 
infants has led to an increase in neonatal rickets.!%?° 
These infants, who receive total parenteral nutrition 
(TPN), often have inadequate intake of calcium and 
phosphorus, and require more calcium than in standard 
TPN solutions. The term ‘osteopenia of prematurity’ has 
been used to categorize these patients, in whom a 
hypomineralized skeleton is often the only finding of 
rickets. An early finding of rachitic change is rarefaction 
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or lucency of the metaphyses and metadiaphyseal 
regions. The typical metaphyseal findings of irregularity 
and broadening are not present because these neonates 
are not weight-bearing and do not grow at a normal rate. 
After 8 weeks of age, the humeri, knees, wrists, and 
proximal femurs may show metaphyseal irregularity 
and growth plate widening. Findings may be seen earlier 
in a very small or early gestational-age premature infant. 
Ongoing rickets manifests as acute, and healing fractures 
most commonly in the ribs and forearms. 


RENAL CAUSES OF RICKETS 


Hypophosphatemic Disorders 


X-linked Hypophosphatemic (XLH) Rickets 

(Vitamin D-resistant Rickets) 

XLH rickets is an X-linked dominant disorder 
(Box 15-3). It is caused by decreased renal tubular phos- 
phate reabsorption as well as a dysregulation of 1-0- 
hydroxylase in the proximal convoluted tubule. This 
results in inappropriately normal or low levels of 1,25- 
dihydroxyvitamin D for the degree of hypophosphatemia. 
XLH rickets is the most common inherited hypophos- 
phatemic disorder, and accounts for 80% of familial 
phosphate wasting.'! There is complete penetrance of 
the renal tubular abnormality, with variable clinical expres- 
sion. Males, females, children, and adults can be affected, 
although males are usually more severely affected than 
females. Patients with XLH rickets usually come to medical 
attention around 18 months of age with progressive 


Clinical Pearl 


Hypophosphatemic disorders cause the same radiologi- 
cal features of calcium-deficient rickets; however, they 
are not associated with secondary hyperparathyroidism 
or increased bone resorption. 


Box 15-3 Renal Causes of Rickets 


Hypophosphatemic disorders 

¢ X-linked hypophosphatemic rickets (vitamin D- 
resistant rickets) 

Vitamin D-dependent rickets: types 1 and 2 
Autosomal dominant hypophosphatemic rickets 
(ADHR) 

Hereditary hypophosphatemic rickets with 
hypercalciuria (HHRH) 

Fanconi syndrome 

X-linked recessive nephrolithiasis ARN)! 
Tumor induced osteomalacia (TIO)/osteogenic osteo- 
malacia 


Chronic renal failure: renal osteodystrophy 
Hepatic cause 
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femoral or tibial bowing. They typically have radiological 
findings of rickets and osteomalacia, severe skeletal abnor- 
malities, and growth retardation. They may also have 
bone pain, late dentition, dental abscesses, deafness, cran- 
iosynostosis, and Chiari malformation. It is uncommon, 
however, for them to have the muscle weakness or pain 
that is associated with acquired hypophosphatemia. With 
time, patients with XLH rickets - especially those that 
are poorly controlled - may develop nephrocalcinosis, 
renal tubular acidosis, end-stage renal failure, hyperten- 
sion, and hyperparathyroidism. 

Serum phosphorus levels are usually less than 
2.5 mg/dl (0.8 mmol/l), but serum calcium, PTH and 
25-hydroxyvitamin D levels are normal. Alkaline phos- 
phatase activity is elevated. 1,25-Dihydroxyvitamin D 
(calcitriol) levels are low or inappropriately normal. 
Stimulators of 1,25-dihydroxyvitamin D synthesis such as 
low phosphate diets and PTH fail to cause an increase in 
calcitriol in patients with XLH rickets.'! Bone biopsies 
show low-turnover osteomalacia without osteopenia. The 
candidate gene for this disorder is the PHEX gene, or 
phosphate-regulating gene with homologies to endopep- 
tidases on the X chromosome, [Xp22.1-p21] 3 PHEX 
encodes for a metalloprotease. The substrate for this 
enzyme has yet to be identified, and therefore the exact 
mechanism of this defect is unclear.'! Interestingly, PHEX 
is not expressed in the kidney. Animal studies have 
suggested that the defect causing XLH rickets involves 
an intermediary circulating factor that is involved in 
mechanisms of cellular transport of phosphate as well as 
in osteoblast function, and 1-a-hydroxylase activity. 

Two different radiographic patterns - type A and type 
B - are seen in this disorder. In type A, there are rachitic 
changes in the knees that are out of proportion to those 
in the wrists; this finding does not occur in any other 
type of rickets. In type B, there is a modeling defect with 
short, squat long bones and coarse bone trabeculation of 
the axial skeleton. This finding is seen predominantly in 
males, possibly as a reflection of the X-linked inheritance. 

The treatment of XLH rickets is not curative, and is 
associated with long-term complications. The goals of 
treatment are growth, improvement in bone disease and 
bowing defects, and in activity limitations. Medical ther- 
apy includes frequent and regular oral phosphate salts as 
well as calcitriol supplements. In infants aged less than 
2 years, 250-375 mg of elemental phosphorus given in 
two to three divided doses and calcitriol 0.25 Ug once or 
twice daily is recommended.’ Doses should be increased 
as needed for each individual child under the direction 
of a pediatric nephrologist. 

Monitoring by laboratory studies and radiography is 
essential to assure appropriate therapy and to minimize 
side effects. Serum calcium and PTH levels, and urinary 
calcium and creatinine excretion, should be measured at 
regular intervals to assess adequate therapy. Serum alkaline 


phosphatase activity will remain abnormal until adult- 
hood and is not useful in monitoring therapy. Serum 
phosphorus levels fluctuate throughout the day, and are 
not always reflective of bone health and parathyroid 
activity; therefore they should not be used to dictate dose 
changes. In young infants, laboratory studies should be 
performed 2 weeks after the initiation of treatment, and 
then every 3 months thereafter. The goal is to maintain 
normal serum calcium levels and urinary calcium excre- 
tion, without causing secondary hyperparathyroidism.> 
Small incremental changes should be made in doses, and 
followed by laboratory studies 1 month later. Once appro- 
priate doses are achieved and growth is stable, children 
should be followed every 4-6 months for the first year 
and then annually thereafter, depending on the patient’s 
adherence with the regimen. Children should be moni- 
tored more frequently again just before the pubertal 
growth spurt through the duration of puberty until 
growth ceases. Every 1-2 years, a renal ultrasound inves- 
tigation should be performed to screen for the develop- 
ment of nephrocalcinosis, and radiographs of the knees 
should be performed to assess any need for changes in 
medication dosage. 

This regimen has been shown to improve growth, 
bone density, and deformations. Although controversy 
persists in the literature regarding the effect of therapy 
on final adult height, most agree that medical therapy - 
especially in the first 2 years of life - results in improved 
outcomes.’ Therefore, children of affected families who 
show abnormal serum and urine phosphorus levels and 
serum alkaline phosphatase activity should be screened 
in early infancy. Fewer osteotomies to correct bowing 
defects have been necessary in patients with XLH rickets 
since calcitriol treatment became widely available.’ 

Nephrocalcinosis can develop as a result of therapy 
and cause a decline in renal function over time. It has 
been suggested that nephrocalcinosis is a direct conse- 
quence of therapy, as patients who are poorly adherent 
to phosphate therapy have a decreased incidence of the 
condition.?? The pathogenesis of nephrocalcinosis is 
unclear, and even after adequate treatment some patients 
still have hypomineralized periosteocytic lesions in bone 
that have been attributed to an intrinsic osteoblast defect 
in this condition. Short-term studies suggest that growth 
hormone therapy, particularly for very short patients, 
may improve height velocity and final height.?7!24 


Vitamin D-dependent Rickets: Types 1 and 2 

Vitamin D-Dependent Rickets Type I [VDDR 1]: 

1-0-Hydroxylase Deficiency 

This condition, which is also known as pseudodefi- 
ciency rickets, is an autosomal recessive disorder. It is 
caused by a mutation in the 1-o-hydroxylase gene that 
causes impaired 1-o-hydroxylation of 25-hydroxyvitamin 
D in the renal proximal tubule. The defect is located on 


chromosome 12q13.3. Infants often present in the first 
few months of life with muscle weakness, tetany, seizures, 
and rickets. Serum calcium levels are low, while PTH 
levels are high and 1,25-dihydroxyvitamin D levels are 
either low or absent. Serum levels of 25-hydroxyvitamin 
D are normal or slightly high. The radiographic findings 
are indistinguishable from those of other forms of 
rickets. Life-long treatment with 1-o-hydroxyvitamin D 
(80-100 ng/kg/day) or with 1,25-dihydroxyvitamin D 
(8-400 ng/kg/day) at physiological doses causes normal- 
ization of laboratory values and healing of rickets.?4 
Laboratory studies and growth must be monitored closely, 
however. 


Vitamin D-dependent Rickets Type 2: Hereditary 

Vitamin D-resistant Rickets CHVDRR) 

This condition is caused by the autosomal recessive 
inheritance of a mutation in the vitamin D receptor 
CVDR) gene (12q12-q14).° The defective gene product 
causes end-organ resistance to active 1,25-dihydroxyvita- 
min D. These patients are often of Middle Eastern origin. 
Hypocalcemic symptoms manifest during the first few 
months of life, and affected children may also have 
enamel hypoplasia and oligodentia.!* Laboratory evalua- 
tion is characterized by low serum calcium and phos- 
phorus levels, with secondary hyperparathyroidism and 
elevated 25-hydroxyvitamin D and 1,25-dihydroxyvitamin 
D levels. Over 50% of the cases are associated with 
alopecia. Mutations in the hairless gene (HR) cause this 
phenotype in mouse and humans. These patients require 
pharmacological doses of vitamin D metabolites, as well 
as periodic laboratory studies and radiographs to assure 
appropriate therapy. Some severely affected individuals 
require intravenous 1,25-dihydroxyvitamin D to over- 
come the intestinal resistance to large oral doses.”3 


Autosomal Dominant Hypophosphatemic 

Rickets (ADHR) 

This condition may present in childhood or later in 
adulthood. Although in children it phenotypically 
resembles XLH rickets, evidence of male-to-male trans- 
mission and the phenotypic variability of ADHR distin- 
guishes this disorder from XLH rickets. In addition, the 
renal phosphate wasting resolves post puberty. The 
defect has been associated with mutations in fibroblast 
growth factor (FGF)-23 on chromosome 12p13, although 
the mechanism of rickets is unclear.!! As in XLH rickets, 
the serum phosphorus level is low, urine phosphorus is 
high, and levels of 1,25-dihydroxyvitamin D are inappro- 
priately low or normal. Patients who present with adult- 
onset ADHR have osteomalacia with bone pain, weakness, 
and fractures. Adults do not present with the bony defor- 
mities typical of children with this disorder. Dental 
abscesses are also a feature. Treatment includes phos- 
phate supplements and 1,25-dihydroxyvitamin D. 


Rickets 127 


Hereditary Hypophosphatemic Rickets 

with Hypercalciuria (HHRH) 

This condition is very rare, with only two families 
with the disorder having been reported. It appears to 
have autosomal recessive inheritance, although the 
genetic defect has not been defined. A defect in proxi- 
mal tubule phosphate reabsorption causes renal phos- 
phate wasting. There is an appropriate increase in 
1,25-dihydroxyvitamin D production and thus, increased 
intestinal absorption of calcium and phosphate, hyper- 
calciuria, and PTH suppression.!! Chronic hypophos- 
phatemia results in decreased bone mineralization, bone 
pain, rickets, muscle weakness, and short stature. Calcium 
levels are usually normal, phosphorus levels are low, and 
1,25-dihydroxyvitamin D levels are increased. These 
patients are treated with daily oral phosphate alone, 
which corrects laboratory values and clinical features of 
rickets. 


Fanconi Syndrome 

This condition is due to a defect in the proximal 
tubule cells that causes wasting of phosphate, amino 
acids, glucose, and bicarbonate in the urine. In addition, 
1-o-hydroxylation of 25-hydroxyvitamin D in the proxi- 
mal tubule cells is impaired. As a result, affected children 
have type II renal tubular acidosis, hypophosphatemia, 
glycosuria, aminoaciduria, rickets, and growth failure. 
There may also be associated low molecular-weight 
proteinuria, polyuria and dehydration, hyponatremia or 
hypokalemia. Fanconi syndrome may be either idio- 
pathic, or associated with metabolic disorders, recovery 
from acute renal failure or exogenous medications or 
toxins. Metabolic disorders associated with Fanconi 
syndrome include cystinosis, galactosemia, tyrosinemia, 
hereditary fructose intolerance, as well as mitochondrial 
disorders. Medications that have been associated with 
this disorder include azathioprine, cisplatin, gentamicin, 
ifosfamide, ranitidine, streptozotocin, and valproate, as 
well as Chinese herbal medicines. Exogenous toxins, 
such as aminoglycosides, glue sniffing (toluene), Lysol®, 
and lead and cadmium poisoning are also causes of 
Fanconi syndrome. Treatment of the rickets caused by 
Fanconi syndrome involves treatment of the underlying 
disorder or discontinuation of the offending agent, and 
maintenance of a normal serum phosphate with phos- 
phate supplementation. 


X-Linked Recessive Nephrolithiasis (XRN) 

This is an unusual form of the renal Fanconi 
syndrome with low molecular-weight proteinuria, 
hypercalciuria with nephrocalcinosis and nephrolithia- 
sis, hypophosphatemic rickets and renal failure. It is 
caused by mutations affecting a chloride channel 
expressed throughout renal tubule (CLCN 5).5 The locus 
is on Xp11. 
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Osteogenic Osteomalacia (Oncogenous Rickets) 

This condition is caused by benign primitive mesenchy- 
mal tumors that secrete factors which inhibit proximal 
renal tubular phosphate reabsorption and impair synthe- 
sis of calcitriol. This results in hypophosphatemia that 
causes rickets or osteomalacia. Surgical removal of these 
tumors reverses the metabolic and bone abnormalities. 


Chronic Renal Failure — Renal 
Osteodystrophy 


Renal osteodystrophy is a syndrome of osteomalacia, 
rickets, and secondary hyperparathyroidism that develops 
in children with chronic renal disease (see Chapter 32). 
Glomerular and tubular dysfunction contributes to the 
development of this metabolic bone disease. Impaired 
glomerular function results in phosphorus retention 
with subsequent hypocalcemia. Tubular injury results 
in impaired synthesis of 1,25-dihydroxyvitamin D and 
hypocalcemia. Hyperparathyroidism develops in response 
to diminished serum calcium concentrations, and causes 
a variety of manifestations including demineralization of 
bones. This results in osteomalacia that may be exacer- 
bated by chronic metabolic acidosis, aluminum toxicity, 
or total parenteral nutrition.!? The classic features of 
secondary hyperparathyroidism are subperiosteal resorp- 
tion, endosteal resorption and osteopenia. Subperiosteal 
resorption is best seen in the middle phalanges of the 
fingers, upper medial proximal tibias, medial femoral 
neck, distal clavicles, distal radius, and ulna, and lamina 
dura of teeth. The outer cortex has a hazy, ill-defined 
appearance. Endosteal resorption results in a lacy pattern 
of the inner cortex, referred to as cortical tunneling. 
Acro-osteolysis may also occur. Osteomalacia can appear 
as diminished density, or coarsening of the residual miner- 
alized matrix and trabeculae. An additional feature of 
hyperparathyroidism is the development of cysts and 
brown tumors due to hemorrhage in fibrous tissue that 
has replaced the resorbed bone matrix. Children with 
renal osteodystrophy are at risk for developing slipped 
capital femoral epiphysis at a younger age than this is 
seen in the general population.!° The therapy of renal 
osteodystrophy is with supplementation with 1,25-dihy- 
droxyvitamin D and calcium, as well as dietary phospho- 
rus restriction and phosphate binders (see Chapter 34). 


Hepatic Causes of Rickets 


Hepatic Osteodystrophy 

Hepatic osteodystrophy occurs in chronic hepatic 
disorders in which cholestasis results in decreased bile 
salt secretion and malabsorption of fat-soluble vitamin D. 
It is characterized by the typical radiographic findings of 
rickets, hypocalcemia, elevated alkaline phosphatase 
activity, and decreased levels of 25-hydroxyvitamin D. 


PTH levels are normal. These patients require very high 
doses of vitamin D to overcome malabsorption: 
4000-10,000 IU (100-250 ug) of vitamin D2, 50 ug of 25- 
hydroxyvitamin D, or 0.2 ug/kg of 1,25-dihydroxyvitamin 
D should be given daily with calcium supplementation.* 


Medications 

Altered metabolism of 25-hydroxyvitamin D has been 
observed in patients taking certain anti-epileptic medica- 
tions and anti-tuberculous therapy. For example, pheno- 
barbital, primidone, phenytoin, and rifampin accelerate 
hepatic inactivation of 25-hydroxyvitamin D.? Phenytoin 
causes target end-organ resistance to 1,25-dihydroxyvita- 
min D, and isoniazid decreases the 25-hydroxylation of 
vitamin D.” If the offending medication cannot be discon- 
tinued, vitamin D supplementation in large doses (4000- 
40,000 IU daily) should be given, together with frequent 
monitoring of serum calcium levels and radiography. !? 


Osteopetrosis with Rickets 


Osteopetrosis is a rare, autosomal recessive disorder 
characterized by abnormal osteoclast function resulting 
in failure of resorption of bone. As a result, the bones 
throughout the skeleton are extremely dense. In some of 
these patients, despite a positive calcium balance, the 
calcium phosphorus product in the extracellular fluid is 
insufficient and rickets develops.’ There may be widen- 
ing of the physes, osteopenia, pseudofractures, and 
widening and cupping of the metaphyses. 


DISORDERS THAT CAN BE CONFUSED 
WITH RICKETS 


Primary hyperparathyroidism, hypophosphatasia, 
osteogenesis imperfecta, non-accidental trauma, and some 
of the metaphyseal dysplasias may be confused with 
rickets in children. Close attention to the radiographic 
findings can be helpful in making the proper diagnosis. 


Primary Hyperparathyroidism 

This rare disorder in children is usually diagnosed 
within the first 3 months of life. Radiographs demon- 
strate osteopenia, subperiosteal bone resorption, and 
pathologic fractures. Focal lytic lesions may be present. 
Metaphyseal changes are not a feature of this disorder. 


Hypophosphatasia 


This uncommon inherited disorder is the result of 
deficiency of alkaline phosphatase that results in the 
accumulation of inorganic pyrophosphate.” Excess inor- 
ganic pyrophosphate results in undermineralized bone 


with incomplete ossification of cartilage and metaphy- 
seal regions. Calcium accumulation by mature chondro- 
cytes does not occur, causing hypercalcemia and rickets.4 
Hypercalcemia may cause soft tissue calcification and 
nephrocalcinosis. Radiographs reveal short, irregular long 
bones with poor ossification. Bowed long bones and 
fractures are often present. Focal, round, lytic areas in 
the metaphyses due to clusters of unmineralized osteoid 
distinguish this disorder from rickets. 


Hyper phosphatasia 


This autosomal recessive disorder is characterized by 
extremely elevated levels of bone alkaline phosphatase, 
normal serum levels of calcium and phosphorus, and 
growth failure. Osteoid proliferation in the subperiosteal 
bone results in separation of the periosteum from the 
bone cortex. This leads to bowing and thickening of the 
diaphysis and osteopenia. Children present at around 
2-3 years of age. The skull is large and the cranium is 
thickened and may be deformed. The bony texture on 
radiographs is variable, with dense areas interspersed 
with radiolucent areas and generalized demineralization. 
The long bones contain pseudocysts showing a dense 
bony halo.4 


Osteogenesis Imperfecta (OD 


This condition is caused by a defect in type II collagen 
that results in brittle bones. It may present with bowing 
and fractures. The bones are demineralized, but have 
normal metaphyses. Broad or gracile long bones and 
wormian bones in the skull are features of OI that are not 
seen in rickets. Alkaline phosphatase activity is elevated. 


Metaphyseal Chondrodysplasia 
(Primary Chondrodystrophy) 


This type of short-limbed dwarfism is characterized 
by bowing of the legs, short stature and waddling gait in 
the absence of abnormalities of serum levels of calcium, 
phosphorus, alkaline phosphatase or vitamin D metabo- 
lites. There are several types, with varying degrees of 
dysmorphism. The metaphyseal findings of irregularity 
and flaring with widening of the growth plates resemble 
rickets. The intact metaphyseal collar distinguishes this 
from rickets. A full skeletal survey in these patients may 
show additional findings that are not seen in rickets. 
There is no effective treatment. 
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Clinical Pearl 


“When the patient dies the kidneys go to the 
pathologist, but while he lives the urine is ours. The 
examination of the urine ts the most essential part of 
the physical examination of any patient.” Thomas 
Addis, 1948! 


INTRODUCTION 


Acute post-streptococcal glomerulonephritis (APSGN) 
is characterized by sudden onset of combinations of 
painless gross hematuria, periorbital puffiness, and 
hypertension with red blood cell casts, evidence of 
antecedent streptococcal infection and interstitium 
concentrations.’ APSGN is the most common cause of 
acute nephritis in children in developing countries, and 
continues to occur at a lower prevalence rate, with occa- 
sional epidemics, in developed countries. APSGN must 
be confirmed or excluded before less common causes 
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of acute post-infectious glomerulonephritis in children 
are considered. 


ETIOLOGY 


APSGN is caused by B-hemolytic Streptococcus, 
Lancefield Group A. The capsular M-protein defines 
whether the bacterial strain is rheumatogenic or nephri- 
togenic. Nephritogenic strains are divided into pharyngi- 
tis-associated serotypes (1, 3, 4, 12 and 49) and skin 
infection-associated serotypes (2,49, 55, 57, and 60).!° 


Clinical Pearl 

Recurrences of rheumatic fever are common, whereas 
APSGN rarely reoccurs despite skin infection with 
associated streptococcal serotypes. 


PATHOGENESIS 


APSGN is an immunologically mediated disease with 
antigen-antibody reactions in the circulation or in situ 
in glomeruli.!>7° These antigen-antibody reactions result 
in the activation of the complement cascade through the 
alternative pathway. Complement activation precedes the 
clinical onset of APSGN. Markedly reduced serum concen- 
trations of C3 and moderately reduced levels of C5 and 
properdin characterize the hypocomplementemia of 
APSGN. In addition, the classical complement pathway is 
frequently activated in patients with APSGN early in the 
course.?> Chemotaxis (C5a) and platelet-derived inflam- 
matory mediators are generated. Cellular immunity also 
has a role. Cytokines participate and amplify the damage. 
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Scarring Resolution 


The major mechanism for resolution of the inflammatory 
hypercellularity that results from this response is by apo- 
ptosis. At least three potential nephritogenic streptococcal 
antigens are proposed: pre-absorbing antigen; nephritis 
strain-associated protein (probably streptokinase C); and 
streptococcal pyrogenic exotoxin B. The latter also acti- 
vates C3 via the alternative complement pathway. Both 
streptococcal M proteins and pyrogenic exotoxins can act 
as superantigens.’ This can result in T-cell expansion and 
polyclonal B-cell activation with production of auto- 
antibodies (Figure 16-1). Streptococcal neuraminidase may 
be responsible for anti-IgG generation, and may play a role 
in facilitating the infiltration of the kidney by peripheral 
blood leukocytes.®!¢ 


PATHOLOGY 


In APSGN the kidneys are enlarged, with all glomeruli 
being equally affected by an acute generalized glomeru- 
lonephritis. The glomeruli are enlarged with diffuse 
mesangial cell proliferation and mesangial expansion. 
Polymorphonuclear neutrophil exudation is more appar- 
ent early in the course of the disease. The capillary loops 
are compressed, but the tubules are mainly unaffected, 
except for the presence of red blood cell casts. The inter- 
stitium is largely spared, although there can be cellular 
infiltrates. Immunofluorescence studies show fine granular 
deposits of IgG and C3 along the capillary walls. In some 
cases, C3 may be present without IgG. The typical elec- 
tron microscopic findings are subepithelial ‘humps’, 
although there may also be intramembranous and even 
subendothelial deposits early in the course. Glomerular 
crescents rarely occur in patients with APSGN. 


PATHOPHYSIOLOGY 


The glomerular filtration rate (GFR) and effective renal 
plasma flow (ERPF) are decreased during the acute phase 


Activation of resident cells }~—— Hemodynamic 
alterations 


Figure 16-1 Mechanisms of glomerulonephritis. A number 
of pathogenic mechanisms have been implicated in the induc- 
tion, resolution and progression of glomerular inflammation. 
Mechanisms leading to resolution or scarring are not fully eluci- 
dated. Their clarification will lead to more specific targeted 
efficacious therapy. (Reprinted with permission from Hricik DE, 
Ching-Park M, Sedor JR. Glomerulonephritis. N Engl J Med 1998; 
339:889. Copyright © 1998 Massachusetts Medical Society. All 
rights reserved.) 


of APSGN, there being a greater reduction in GFR than in 
ERPF. The resulting renal hyperperfusion normalizes 
within a year of onset of the disease.'! There is positive salt 
and water balance in APSGN (Figure 16-2). Plasma renin 
activity (PRA) is normal in APSGN, and does not increase 
after a furosemide challenge.!® Echocardiographic 
changes in the acute phase of APSGN show greater left 
ventricular (LV) internal end-diastolic diameter (LVIDd) 
(p = 0.022), interventricular septum thickness (IVSd) 
(p = 0.038), LV mass (LVM) (p = 0.0001), longer early dias- 
tolic flow deceleration time (DT) (p = 0.0001), and higher 
numbers of cases with mitral regurgitation (MR) 
(p = 0.0001) and pericardial effusion (p = 0.0001) in 
comparison with the controls. Six to eight weeks later, 
there is a significant improvement, but the LV posterior 
wall thickness, IVSd, LV end-diastolic volume, LVM and DT 
remain greater than in controls. These parameters were 
influenced by reduced GFR and edema.!3 


CLINICAL FEATURES 


Approximately 90% of APSGN cases occur in young 
children after streptococcal pharyngeal or skin infec- 
tions. The latency period from infection to presentation 
is 7-14 days for pharyngeal and 14-21 days for post- 
impetigo disease. The diagnosis is made in a patient with 
abnormal urinalysis,® evidence of recent streptococcal 
infection, a positive ASO-titer or anti-DNase B titer, and 
hypocomplementemia. The disease is usually self- 
limited, and generally requires only supportive therapy. 
Resolution occurs over a period of weeks to months. 
There are usually no permanent sequelae in children. 
Adults may have a higher incidence of hypertension and 
chronic renal failure as a result of APSGN (Box 16-1). 

The peak incidence of APSGN is in children aged 5 
to 15 years. However, APSGN can occur in anyone 
aged over 2 years. There are a number of possible clinical 
presentations. The classic presentation is with an acute 
nephritic syndrome that consists of combinations of gross 
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Figure 16-2 Fluid and salt balance differ- 

ences in the acute nephritic and nephrotic 

syndromes. In health, the intravascular volume 

(V) is approximately 80 ml/kg and the extra- v 

cellular fluid (ECF) volume is 200 ml/kg. In the 

nephrotic state, loss of albumin leads to a 

fall in intravascular oncotic pressure, resulting ac 
in movement of water into the tissues with Nephritic 


a consequent contraction of intravascular 
volume (1) and edema (E). The accumulation 
of water leads to an expansion of the ECF 
with consequent weight gain. In the nephritic 
state, there is an expansion of the intravascu- 
lar compartment (2) because of water over- 
load as a consequence of a reduction in the 
glomerular filtration rate. The expansion of 
the ECF results in tissue edema and hyper- 
tension, necessitating treatment with diuretics. 
(Modified and used with permission from 
Milford DV. Glomerulonephritis in children. 
Br J Hosp Med 1995;54(2-3):87-91.) 


Nephrotic 


Volume overload 
Diuretic indicated 


Volume depletion Proteinuria 
Care with diuretics 


hematuria with red blood cell casts and proteinuria, patients. Physical findings include combinations of edema, 
oligoanuria, hypertension, edema and azotemia. However, hypertension, and macroscopic hematuria. 
the clinical presentation varies from full-blown acute 
nephritis to predominant nephrotic syndrome to micro- Clinical Pearl 
scopic hematuria with few or only subtle signs. Some A clinician must examine a fresh urine specimen by 
patients, with or without abnormal urine, may present microscopy, and not rely on results from a laboratory, 
with severe hypertension and encephalopathy. Subclinical where the report seldom mentions red blood cell casts 
manifestations are five times more frequent than clinical or the presence of dysmorphic red cells.”4 
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disease, particularly during epidemics. 

The major symptoms are peri-orbital and macroscopic 
hematuria described as cola- or tea-colored. A third 
of patients complain of cough, sore throat, fever, and 


headaches. Nausea, vomiting, anorexia and abdominal LABORATORY STUDIES 
pain are less frequent. Oliguria, seizures, and symptoms 
of congestive cardiac failure occur in less than 20% of The urinalysis is positive blood on dipstick. Protein 


excretion ranges from 1+ positive on the dipstick to 
many grams per day. Red blood cells, red blood casts, 
hyaline and granular casts and dysmorphic red blood 
cells are seen by microscopic examination of the urine 
sediment. Dysmorphic red blood cells are identified by 
their small variable size and club-like protrusions that 
resemble ‘mouse ears.’ 


Box 16-1 Clinical Presentations of 
Acute Post-Streptococcal 


Glomerulonephritis (APSGN) 


Typical Acute nephritic syndrome with Abnormal hematological findings include a leuko- 
(>90% of cases) hematuria, edema, and cytosis, thrombocytosis, and anemia in about one-third of 
hypertension with/without cases. The serum creatinine and blood urea nitrogen 

oliguria. 


(BUN) levels are often - but not always - increased. Some 
patients have combinations of hypoalbuminemia and/or 
hyponatremia. Hyperkalemia occurs mainly in anuric 
glomerulonephritis (RPGN) patients, and these are at greater risk for the development 
Hypertensive encephalopathy of a major medical emergency in APSGN (Box 16-2). 
with normal urinalysis The ASO titer and anti-DNase B are often elevated 
unless the patient has been treated with antibiotics. 


Rare Nephrotic syndrome 
Severe acute renal failure with 
rapidly progressive 
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Box 16-2 Medical Emergencies in 


APSGN 


Box 16-4 Diagnostic Criteria for 
APSGN 


¢ Hyperkalemia 
¢ Hypertensive encephalopathy 
e Congestive heart failure 


Serum concentrations of C3 are almost always depressed, 
and C4 is low normal in about 25% of the cases. 

Scarlet fever - a major association of APSGN in the 
past - is rarely associated with APSGN except during 
epidemics. Pharyngitis-induced APSGN occurs in 
temperate climates, and is more common in males and 
children of school-going age. The latent period is shorter 
than pyoderma-induced APSGN. Pyoderma-induced 
APSGN occurs in tropical climates, affects the sexes 
equally, at a younger age, and complicates scabies.?! 
These associations are not absolute. The diagnosis of 
impetigo can be missed in older children whose skin 
infections may have healed by the time they present 
with APSGN. APSGN may present in association with 
other conditions and in a number of unusual ways (Box 
16-3). There are several uncommon associations of 
APSGN, but any patient is at risk for the development of 
APSGN regardless of the underlying renal disease. 


DIAGNOSIS 


The ASO titer is a screening test for APSGN. These 
titers do not rise significantly when antibiotics are 
used to treat pharyngitis, and are not reliable with post- 
impetigo glomerulonephritis. Therefore, the anti-DNase 
B and anti-hyaluronidase titers (Streptozyme test®) should 
be measured. The anti-DNase B and anti-hyaluronidase 
titers are more reliable for diagnosing impetigo-induced 
APSGN. The serum C3 concentration should be meas- 
ured early in the course of the disease because it usually 
normalizes 4-8 weeks after onset. It is not necessary to 
measure serum C4 to diagnose APSGN (Box 16-4). 


Box 16-3 Unusual Associations of 


APSGN 


e Acute rheumatic fever 

e Henoch-Schonlein purpura 
e Thrombocytopenic purpura 
e Hemolytic uremic syndrome 
e Cerebral vasculitis 


e Clinical features of acute glomerulonephritis 

e Dysmorphic red cells/red cell casts on urine 
microscopy 

e Evidence for recent streptococcal infection: 
e Positive throat culture for B-hemolytic 

Streptococcus; and/or 

e Increased ASO and/or anti-DNase B titers 

° Decreased serum C3 concentration 

e Normalization of serum C3 concentration within 
4-8 weeks after presentation 


DIFFERENTIAL DIAGNOSIS 


The differential diagnosis of APIGN is summarized in 
Table 16-1. Glomerulonephritides with a predominantly 
nephritic presentation includes APSGN, IgA nephropa- 
thy, Henoch-Sch6énlein nephritis, and Alport hereditary 
nephritis. The differential diagnosis of conditions with 
predominantly nephrotic syndrome presentation includes 
membranoproliferative glomerulonephritis (MPGN), focal 
segmental glomerulosclerosis, hepatitis B membranous 
nephropathy, mesangial proliferative glomerulonephritis, 
and lupus nephritis. Each of these conditions is discussed 
in more detail in other chapters of this book. 


Clinical Pearl 


A renal biopsy is indicated to exclude MPGN if: 
e Proteinuria >1 g per day persists for more than 
4 weeks 
e Or, if the serum C3 does not normalize in 6 weeks 
e Or, if renal dysfunction persists for more than 
2 weeks 


COMPLICATIONS 


Hypertension is mainly, but not entirely, the result of 
intravascular volume expansion. Therefore, some children 
with minimal signs of volume overload may also have 
severe hypertension. Some patients may present with 
pulmonary edema, minimal urinary sediment changes, 
and variable increases in blood pressure. Central nerv- 
ous system complications usually occur in the context of 
salt and water retention with severe hypertension. Rapid 
changes in blood pressure, as a result of dysregulation 
of the blood-brain barrier may cause posterior leuko- 
encephalopathy and cerebral edema.’ This may result in 
encephalopathy with headaches, confusion and even 
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Table 16-1 Causes of Post-Infectious Glomerulonephritis 


Organism Syndrome 


Viral 
Hepatitis B Nephrotic-nephritic 
Hepatitis C Nephritic-nephrotic 
HIV Nephrotic 
Bacterial 
Post-streptococcal Nephritic; rarely 

rapidly progressive GN 
Infective endocarditis Nephritic-nephrotic 
Staph. aureus, Staph. viridans 


Pathology 


Membranous; MPGN; polyarteritis nodosa 
MPGN; membranous; IgA nephropathy 
FSGS, interstitial nephritis 


Acute exudative GN; crescentic GN 


MPGN; focal proliferative GN 


FSGS = focal segmental glomerulosclerosis; GN = glomerulonephritis; MPGN = membranoproliferative glomerulonephritis. 


seizures that may be prevented by prompt control of 
hypertension.!° Although T2-weighted magnetic reso- 
nance images characteristically show diffuse hyperinten- 
sity that selectively involves the parieto-occipital white 
matter, the gray matter occasionally may also be involved. 
These findings are sometimes confused with the findings 
of a vasculitis, but can be rapidly reversed with control 
of the hypertension. However, cerebral vasculitis does 
occur in rare cases of APSGN.!4 


TREATMENT 


The decreasing incidence of APSGN may be due to 
widespread use of antibiotics, improvement in socio- 
economic or healthcare status, and urbanization. The 
standard 10-day course of penicillin therapy may not be 
the best therapeutic choice for treatment of streptococ- 
cal pharyngitis, and shorter courses of a cephalosporin 
may be preferable.!” Penicillin eradicates the causative 
organism but is not used for prophylaxis. Bed rest is 
seldom required unless there is cardiac failure. The 
patient must be weighed at least once a day, blood pres- 
sures must be recorded frequently, and salt, potassium 
and fluids are restricted if there is oliguria. Protein is 
only restricted when the BUN is elevated and should not 
be reduced below 0.3 g/kg/day. A diet high in carbohy- 
drates is provided for energy. Patients with APSGN seldom 
require dialysis unless there is severe acute renal failure. 
An urgent biopsy is indicated if a rapidly progressive 
glomerulonephritis (RPGN) with crescents is suspected. 

Furosemide is used to manage hypertension and fluid 
overload. The initial dose is 0.5 mg/kg/dose, but if 
increased dosage is used with subsequent dosages, none of 
them should exceed 5 mg/kg/dose. Although this diuretic 
may reduce the length of hospital stay, there is the danger 
of sudden intravascular volume depletion. Nifedipine 
can be given in a dose of 0.1 to 0.3 mg/kg/dose orally 


2 to 8 hourly as required for severe hypertension. It is 
prudent to start with the lowest dose. If hypertension 
appears to be established, a longer-acting calcium channel 
blocker such as amlodipine (2.5-10 mg daily or in two 
divided doses) or a B-blocker, such as atenolol can be 
given. A peripheral o-blocker (vasodilator) such as 
prazosin or doxazosin can be given if the hypertension is 
severe or difficult to control. ACE inhibitors can be given 
to patients who are nephrotic (Ramipril®; 0.3 mg/kg/day 
in two divided doses). It is important to monitor the 
serum potassium level when ACE inhibitors are used in 
patients with reduced renal function. There is usually no 
indication for corticosteroids or other immunosuppres- 
sives. If the patient has RPGN, methylprednisolone should 
be given as a single intravenous dose of 500 mg/m?/day 
for 3 days. Oral prednisone can then be given at 2 mg/kg/ 
day and tapered as clinically indicated (Box 16-5). 


PROGNOSIS 


Most patients with APSGN recover within 6 weeks, 
with return of renal function.!® Some continue to have 
microscopic hematuria for as long as 5 years, but despite 
this the majority show progressive healing and a good 
long-term prognosis.!*4 In the recovery phase, ortho- 
static proteinuria is common, and therefore an early 


Box 16-5 Indications for Admission of 


APSGN to Hospital 


¢ Hyperkalemia 

¢ Hypertension 

e Seizures 

¢ Oliguria 

e Congestive heart failure 


136 PEDIATRIC NEPHROLOGY AND UROLOGY: THE REQUISITES IN PEDIATRICS 


morning urine protein:creatinine ratio is the best way 
to assess significant proteinuria. Recurrent episodes of 
APSGN are extremely uncommon.” Patients with cres- 
centic RPGN have a potential to scar formation, and 
therefore a biopsy may be required in the first 2 weeks 
so that aggressive immunosuppressive therapy can be 
started. The prognosis of acute APSGN is generally excel- 
lent, and few patients in developed countries progress to 
end-stage renal failure. A minority of patients develops 
progressive scarring after many years.” For example, 
APSGN is the second most frequent reason for renal 
transplantation in black South African children.?? Fewer 
than 5% of patients studied for 5 to 17 years after 
recovery have hypertension and proteinuria. However, 
although the serum creatinine concentrations are usually 
normal in long-term studies, there may be reduced renal 
functional reserve.? Rapidly progressive glomerulonephri- 
tis with glomerular crescents is associated with a greater 
likelihood of progression to end-stage renal failure. 


REFERENCES 


1. Addis T. Glomerulonepbritis. Diagnosis and Treatment. 
MacMillan, New York, 1948, p. 2. 


2. Baldwin DS, Gluck MC, Schacht RG, et al. The long-term 
course of poststreptococcal glomerulonephritis. Ann Intern 
Med 1974;80:342-358. 


3. Cleper R, Davidovitz M, Halevi R, Eisenstein B. Renal func- 
tional reserve after acute poststreptococcal glomerulo- 
nephritis. Pediatr Nephrol 1997;11:473-476. 


4. Cole BR, Salinas-Madrigal L. Acute proliferative glomerulo- 
nephritis and crescentic glomerulonephritis. In: Barratt TM, 
et al. (eds), Pediatric Nephrology, 4th edn. Lippincott, 
Williams & Wilkins, Baltimore, 1999, pp. 669-689. 


5. Couser WG, Johnson RJ. Postinfectious glomerulonephritis. 
In: Neilson EG, Couser WG (eds), Immunologic Renal 
Diseases. Lippincott-Raven, Philadelphia, 1997, pp. 915-943. 


6. Cu GA, Mezzano S, Bannan JD, et al. Immunohistochemical 
and serological evidence for the role of streptococcal 
proteinase in acute post-streptococcal glomerulonephritis. 
Kidney Int. 1998;54:819-826. 


7. Falk RJ, Jennette JC, Nachman PH. Primary glomerular disease. 
In: Brenner BM (ed), Brenner and Rector’s: The Kidney, 6th 
edn. WB Saunders, Philadelphia, 2000, vol. 2, pp. 1263-1349. 


8. Fogazzi GB, Ponticelli C, Ritz E. The Urinary Sediment: 
An Integrated View, 2nd edn. Oxford University Press, 
New York, 1999, pp. 30-31. 

9. Froehlich T, Sandifer S, Varma PK, Testa F. Two cases of 
hypertension-induced reversible posterior leukoencephalopa- 


thy syndrome secondary to glomerulonephritis. Curr Opin 
Pediatr 1999;11:512-516. 


10. Garg RK. Posterior leukoencephalopathy syndrome. 
Postgrad Med J 2001;77:24-28. 


11. Herthelius M, Berg U. Renal function during and after 
childhood acute poststreptococcal glomerulonephritis. 
Pediatr Nephrol 1999;13:907-911. 


12. Hinglais N, Garcia-Torres R, Kleinknecht D. Long-term 
prognosis in acute glomerulonephritis. Am J Med 1974; 
56:52-60. 


13. Jankauskiene A, Jakutovic M, Cerniauskiene V, et al. 
Echocardiographic findings in children ill with acute 
postinfectious glomerulonephritis. Eur J Pediatr 2003;162: 
500-505. 


14. Kaplan RA, Zwick DL, Hellerstein S, et al. Cerebral vasculi- 
tis in acute post-streptococcal glomerulonephritis. Pediatr 
Nephrol 1993;7:194-195. 


15. Khandke KM, Fairwell T, Manjula BN. Difference in the 
structural features of streptococcal M proteins from 
nephritogenic and rheumatogenic serotypes. J Exp Med 
1987;166:151-162. 


16. Marin C, Mosquera J, Rodriguez-Iturbe B. Histological 
evidence of neuraminidase activity in acute nephritis: 
desialized leukocytes infiltrate the kidney in acute post- 
streptococcal glomerulonephritis. Clin Nephrol 1997;47: 
217-221. 


17. Pichichero ME, Casey JR, Mayes T, et al. Penicillin failure in 
streptococcal tonsillopharyngitis: causes and remedies. 
Pediatr Infect Dis J 2000;19:917-923. 


18. Popovic-Rolovic M, Kostic M, Antic-Peco A, et al. Medium- 
and long-term prognosis of patients with acute poststrep- 
tococcal glomerulonephritis. Nephron 1991;58:393-399. 


19. Powell HR, McCredie DA, Rotenberg E. Response to 
furosemide in acute renal failure: dissociation of renin and 
diuretic responses. Clin Nephrol 1980;14:55-59. 


20. Rodriguez-Iturbe B. Postinfectious glomerulonephritis. Am 
J Kidney Dis 2000;35:XLVI-XLVIIL. 


21. Sarkissian A, Papazzian M, Azatian G, et al. An epidemic of 
acute postinfectious glomerulonephritis in Armenia. Arch 
Dis Child 1997;77:342-344. 


22. Thomson PD. Renal problems in black South African 
children. Pediatr Nephrol 1997;11:508-512. 


23. Watanabe T, Yoshizawa N. Recurrence of acute post- 
streptococcal glomerulonephritis. Pediatr Nephrol 
2001;16:598-600. 


24. White RHR. The investigation of haematuria. Arch Dis 
Child 1989;64:159-165. 


25. Wyatt RJ, Forristal J, West CD, et al. Complement profiles 
in acute post-streptococcal glomerulonephritis. Pediatr 
Nephrol 1988;2:219-223. 


Introduction 


Epidemiology 

Etiology of IgA N 
Pathogenesis 

Pathology 

Clinical Features 
Laboratory Investigations 
Outcome 

Treatment 

Differential Diagnosis 


INTRODUCTION 


Primary immunoglobulin A nephropathy (igA N) is 
an immune-complex-mediated glomerulonephritis 
which is characterized by glomerular mesangial IgA 
deposits and several different histopathologic lesions 
that usually cause microscopic hematuria or recurrent 
macroscopic hematuria. Primary IgA N is an important 
cause of chronic renal disease and end-stage renal fail- 
ure (ESRF). The diagnosis requires a kidney biopsy, and 
the biopsy must be studied by immunofluorescence 
techniques. It is important to bear in mind the highly 
variable nature of IgA N. 


Clinical Pearl 


IgA nephropathy AgA N) was first described by Berger 
and Hinglais in 1968. 

It may be the most common type of primary glomerulo- 
nephritis in the world. 

Henoch-Schoénlein purpura nephritis may be the 
systemic form of the primary IgA N. 


IgA Nephropathy 


BERNARD S. KAPLAN, M.B., B.Ch. 


EPIDEMIOLOGY 


IgA N is uncommon under the age of 3 years, but all 
ages are affected. Males are affected more often than 
females; IgA N occurs more often in whites and Asians 
than in blacks. The incidence of IgA N in the pediatric 
age group is unknown. IgA N aggregates in some fami- 
lies.’ IgA nephropathy is the most common form of 
primary glomerulonephritis in children and adults in 
Japan. Almost 70% of patients have microscopic hema- 
turia or asymptomatic proteinuria. The prevalence of 
the disease varies widely from one country to another, 
and may comprise between 2% to 40% of all primary 
glomerular diseases. Prevalence rates also vary within 
the United States, where the overall rates are 2-10% 
compared with 38% in New Mexico Native Americans.® 
Differences within and among countries may be due to 
kidney biopsy criteria, environmental and genetic factors 
(Boxes 17-1 and 17-2). 


ETIOLOGY OF IgA N 


The cause/causes of IgA N are unknown, and no 
causative infectious agent has been found. There is an 
inconstant association with certain human lymphocyte 
antigens (HLA). The ethnic variation in prevalence, 


Box 17-1 Incidence of IgA N in Japan!’ 


e 4.5 cases each year per 100,000 children aged 
between 6 and 15 years 
e 20 cases detected in 17 years 
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Box 17-2 IgA N is a Variable Disease 


e Variable incidence 

e Variable clinical presentation 

e Variable indications for kidney biopsy 
e Variable renal histopathology 

e Variable treatment 

e Variable outcomes 


familial clustering, and subclinical renal abnormalities 
among relatives of IgA N cases, suggest a genetic compo- 
nent. Among 30 multiplex IgA N kindreds, 60% had link- 
age of IgA N to 6q22-23; the mode of transmission is 
autosomal dominant with incomplete penetrance.’ 


Clinical Pearl 


Some 35% of IgA N patients have biopsy-proven 
recurrence after transplant. 

Younger patients are more prone to the risk of 
recurrence. 

Recurrence did not affect the ten-year graft survival.!° 
IgA deposits in a donor kidney disappear when it is 
transplanted into a recipient with end-stage renal 
disease. 


PATHOGENESIS 


The glomerular deposits of IgA consist of the IgA1 
subclass that is produced in plasma cells in the gastro- 
intestinal tract, respiratory tract, bone marrow, lymph 
nodes, and spleen. No antigens have been identified. 
Mucosal immunity is decreased in patients with IgA N,? 
and in some patients there is increased production of 
IgA1 in the bone marrow.‘ An abnormality in the IgA 
molecule may be required for IgA N to occur, because 
increased production of IgA is not sufficient to produce 
the disease.! The galactosylation of serum IgA1 and in 
IgA1 eluted from nephrectomy specimens of patients 
with IgA N is defective. Mesangial cells have a receptor 
for IgA1 that may be specific for undergalactosylated 
IgA1, and incubation of IgA1 from normal individuals with 
B-galactosidase increases its binding to human mesangial 
cells.’ 

The deposition of IgA1 in the kidney triggers the 
production of cytokines and growth factors Gncluding 
transforming growth factor B1; TGF-B1) by mesangial 
and inflammatory cells, and this leads to mesangial cell 
proliferation and extracellular matrix deposition. The 
activation of TGF-B1 may be one of the common path- 
ways that results in glomerulosclerosis, interstitial fibro- 
sis, and tubular atrophy.!° 


PATHOLOGY 


The light microscopy findings of IgA N are 
not specific. The most common alteration is focal or 
diffuse cellular and matrix expansion of the mesangium. 
Additional alterations include diffuse endocapillary 
proliferation, focal segmental sclerosis, segmental 
necrosis, and epithelial crescents. Immunofluorescence 
studies that show predominant deposition of IgA are 
required to establish a definitive diagnosis of IgA N. The 
IgA deposits are mainly in the mesangium, with focal 
perimesangial or subendothelial extensions. IgM, IgG, 
C3, lambda light chain, and kappa light chain may also 
be detected. Electron-dense deposits are also seen 
mainly in mesangium. 

Tubulointerstitial changes may include interstitial 
fibrosis, tubular atrophy, interstitial or inflammation, and 
vascular sclerosis. Red blood cell casts and proteina- 
ceous casts may be seen in the tubules. 

There are no specific guidelines for a kidney biopsy in 
an asymptomatic patient with IgA N. However, a biopsy 
is indicated in all patients with combinations of unex- 
plained macroscopic hematuria with red blood cell 
casts, proteinuria in excess of 1 g per 24 hours, clinical 
features of the nephrotic syndrome, and azotemia. The 
indications for performing a biopsy on a patient with 
microscopic hematuria with or without red blood cell 
casts vary among pediatric nephrologists within and 
among centers and countries. The indications for carry- 
ing out a biopsy on a patient with proteinuria of <1 g per 
24 hours also vary considerably. 


CLINICAL FEATURES 


The clinical presentation of IgA N is variable (Box 17-3), 
and depends to a large degree on the level of suspicion 
of the nephrologists and the criteria for performing a 
kidney biopsy. In Japan, almost 70% of patients with IgA 
N have microscopic hematuria or asymptomatic protein- 
uria.!4 IgA N is first suspected in patients with gross 


Box 17-3 Variable Clinical Manifestations 


of IgA N 


Microscopic hematuria 

Macroscopic hematuria 

Recurrent episodes of macroscopic hematuria 
Macroscopic hematuria with nephrotic syndrome 
Acute renal failure 

‘Malignant’ IgA nephropathy with loin pain 
Chronic renal failure 


hematuria and red blood cell casts. However, many 
patients have no obvious symptoms, and IgA N is 
suspected only after the finding of a positive dipstick test 
for blood during routine screening of the urine. 
Nonetheless, IgA N can present in several different ways. 

Recurrent episodes of macroscopic hematuria may be 
triggered by an upper respiratory tract infection. 
Progression to ESRF within 4 years was reported in 
patients who presented with macroscopic hematuria, loin 
pain, persistent microscopic hematuria, and crescents in 
renal biopsies. The term ‘malignant’ IgA nephropathy was 
used to characterize this subset of patients. Some asymp- 
tomatic patients present with microscopic hematuria and 
variable amounts of proteinuria. 

Up to 20% of patients with IgA N can present with 
chronic renal failure, many without a clear history of 
previous renal disease. 


LABORATORY INVESTIGATIONS 


The urine must be tested with a dipstick for protein 
and blood. Examination of the spun urinary sediment for 
red blood cells and red blood cell casts is essential. The 
excretion of protein must be quantified by an early 
morning specimen of urine, or in a 24-hour urine collec- 
tion. The serum creatinine and cholesterol concentra- 
tions may be either normal or elevated, while the serum 
albumin concentration may be decreased. The hemogram 
shows no particular changes. Serum complement levels 
are normal. Although the serum IgA and fibronectin 
concentrations may be elevated, little useful information 
is gained by measuring them. 


OUTCOME 


There are many difficulties in interpreting the 
published results of long-term outcomes of patients with 
IgA N (Box 17-4). IgA nephropathy is characterized by a 
variable course that ranges from a benign to rapidly 
progressive renal failure to chronic progressive renal fail- 
ure. The reported incidence of end-stage renal disease in 
adult patients with IgA N varies from 15% to 40%, but 
this condition may appear up to 20 years after the initial 
diagnosis of the IgA N. In the United States, predicted 
kidney survival from the time of apparent onset was 
94% at 5 years, 87% at 15 years, and 70% at 20 years. 
Unfortunately, follow-up data were available in only 
40 of 103 patients more than 10 years from the time of 
diagnosis.!! 

Despite certain caveats, poor prognostic features for 
renal survival are hypertension, elevated serum creati- 
nine at the time of diagnosis, severity of renal histologi- 
cal findings, persistent proteinuria of >1 g per 24 hours, 
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Box 17-4 Difficulties in the Interpretation 
of Long-Term Follow-up Data 


for IgA N 


e Ascertainment of initial cases 
e Indications for kidney biopsy 
e Loss of cases for follow-up 


and black race.!! Age at clinical onset, gender, and ACE I 
polymorphisms are not associated with a poor outcome. 
Patients with familial IgA N have a worse outcome.’ 


Clinical Pearl 


e Prognostic indicators are weak on a case-by-case basis 
for most patients. 

e Overall prognosis may be better than suggested in 
the literature because patients with mild asymptomatic 
hematuria are often not biopsied and are frequently 
not included in published articles. 


TREATMENT 


There is no accepted treatment of IgA N, and most of 
the proposed regimens are controversial.!* Reports of a 
favorable effect of tonsillectomy on long-term renal 
survival in patients with IgA N need to be substantiated 
before this can be recommended for all patients with 
this disease.!> An attempt to produce evidence-based 
recommendations offers the following approaches to 
treatment.° 
1. Patients with proteinuria over 3 g per day, mild 

glomerular changes, and preserved renal function 
(creatinine clearance >70 ml/min) should be 
treated with prednisone. Steroids reduce 
proteinuria (grade B recommendation) and stabilize 
kidney function (grade C). The combination of 
cyclophosphamide, dipyridamole and warfarin 
should not be used (grade A), nor should 
cyclosporine A (grade B). 

2. Patients with progressive disease (creatinine 
clearance <0 ml/min) should be treated with fish 
oil (grade B). Use of fish oil is not supported by 
another evidence-based survey.” 

3. Patients with proteinuria and hematuria and 
recurrent tonsillitis may benefit from a 
tonsillectomy (grade D). 

4. Patients with hypertension should be treated with 
an angiotensin-converting enzyme (ACE) inhibitor 
(grade B). 

It may be prudent to treat patients with active glomeru- 
lar disease (macroscopic hematuria with proteinuria, 
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azotemia and histological findings of diffuse proliferative 
glomerulonephritis) with corticosteroids and an ACE 
inhibitor. Advice should also be given about strategies 
for renal protection (see Chapter 33). 

From about 5 years after renal transplantation, IgA N 
recurs in 20-60% of renal grafts, regardless of the source 
of the kidney. This is not, however, a contraindication to 
kidney transplantation. 


DIFFERENTIAL DIAGNOSIS 


The differential diagnosis of IgA N can be divided into 
clinical diagnoses and histopathological diagnoses. Clinical 
conditions that can present with microscopic hematuria, 
and which must be distinguished from IgA N, are thin 
glomerular basement membrane disease, Alport hereditary 
nephritis, and membranoproliferative glomerulonephritis. 
The renal biopsy findings can easily differentiate IgA N 
from these other conditions because of the presence of 
IgA in the mesangium. 

However, mesangial IgA is seen in Henoch-Schénlein 
purpura nephritis. Secondary causes of mesangial IgA 
deposition are uncommon in children. 


REFERENCES 


1. Allen AC, Bailey EM, Brenchley PE, et al. Mesangial IgA1 in 
IgA nephropathy exhibits aberrant O-glycosylation: observa- 
tions in three patients. Kidney Int 2001;60:969-973. 


2. Bene MC, Faure GC. Mesangial IgA in IgA nephropathy 
arises from the mucosa. Am J Kidney Dis 1988;12:406-409. 


3. Julian BA, Tomana M, Novak J, et al. Progress in the patho- 
genesis of IgA nephropathy. Adv Nephrol Necker Hosp 
1999;29:53-72. 

4. Layward L, Allen AC, Hattersley JM, et al. Elevation of IgA in 
IgA nephropathy is localized in the serum and not saliva and 


is restricted to the IgA1 subclass. Nephrol Dial Transplant 
1993;8:25-28. 


5. Nicholls K, Walker RG, Dowling JP, et al. ‘Malignant’ IgA 
nephropathy. Am J Kidney Dis 1985;5:42-46. 
6. Nolin L, Courteau M. Management of IgA nephropathy: 


evidence-based recommendations. Kidney Int Suppl 
1999;70:S56-S62. 


7. Schena FP, Cerullo G, Rossini M, et al. Increased risk of 
end-stage renal disease in familial IgA nephropathy. J Am 
Soc Nephrol 2002;13:453-460. 


8. Smith SM, Tung KS. Incidence of IgA-related nephritides in 
American Indians in New Mexico. Hum Pathol 1985;16: 
181-184. 


9. Strippoli GF, Manno C, Schena FP. An ‘evidence-based’ 
survey of therapeutic options for IgA nephropathy: assess- 
ment and criticism. Am J Kidney Dis 2003;41:1129-1139. 


10. Utsunomiya Y, Koda T, Kado T, et al. Incidence of pedi- 
atric IgA nephropathy. Pediatr Nephrol 2003;18:511-515. 


11. Wyatt RJ, Kritchevsky SB, Woodford SY, et al. IgA 
nephropathy: long-term prognosis for pediatric patients. 
J Pediatr 1995;127:913-919. 


12. Wyatt RJ, Hogg RJ. Evidence-based assessment of treatment 
options for children with IgA nephropathies. Pediatr 
Nephrol 2001;16:156-167. 


13. Xie Y, Nishi S, Ueno M, et al. The efficacy of tonsillectomy 
on long-term renal survival in patients with IgA nephropa- 
thy. Kidney Int 2003;63:1861-1867. 


14. Yoshikawa N, Tanaka R, lijima K. Pathophysiology and 
treatment of IgA nephropathy in children. Pediatr Nephrol 
2001;16:446-457. 


15. Yoshioka K, Takemura T, Murakami K, et al. Transforming 
growth factor-beta protein and mRNA in glomeruli in 
normal and diseased human kidneys. Lab Invest 1993;68: 
154-163. 


SUGGESTED READING 


Donadio JV, Grande JP. IgA nephropathy. N Engl J Med 
2002;5347:738-748. 


Introduction 


Epidemiology 
Etiology 
Pathogenesis of HSP Nephritis 
Pathology 

Renal Pathology 

Skin Pathology 
Clinical Features 

Rash 

Joints 

Gastrointestinal 

Renal Disease 

Scrotum and Testis 
Laboratory Studies 
Differential Diagnosis 
Treatment 
Outcome 


Clinical Pearl 


e Henoch-Sch6nlein purpura nephritis and IgA 
nephropathy are related diseases. 

Both can occur consecutively in the same patient. 
Both can occur simultaneously in identical twins. 
Henoch-Schonlein purpura nephritis and IgA 
nephropathy have identical pathological and 
biological abnormalities. 

Clinically silent, but histologically detectable IgA 
deposits, are found in skin and gastrointestinal 
biopsies of IgA nephropathy patients. 


INTRODUCTION 


Some 200 years ago, William Heberden described a 
5-year-old boy with a skin rash, macroscopic hematuria, 
abdominal pain, bloody stools, arthralgia, and edema. 
Forty-six years later, Schonlein called this condition 


Henoch-Schonlein 
Purpura Nephritis 


BERNARD S. KAPLAN, M.B., B.Ch. 


purpura rubra. Henoch later added abdominal colic, 
bloody diarrhea, and hemorrhagic nephritis to the 
features of the syndrome. 13 

Henoch-Schoénlein purpura (HSP) is defined as a 
vasculitis with predominantly IgA deposits in the walls 
of small vessels in the skin, gastrointestinal tract, and 
kidney, associated with arthralgias or arthritis.&7-13-18 
The leukocytoclastic vasculitis of HSP with inflammation 
and necrosis of small vessels is the most common type 
of systemic vasculitis in children. HSP is also known as 
anaphylactoid purpura, leukocytoclastic vasculitis, aller- 
gic vasculitis, and rarely, as rheumatoid purpura. It is 
generally a benign, self-limited disorder that follows 
an intercurrent illness, usually of the upper respiratory 
tract. The spectrum of the clinical expression of HSP may 
vary from a minimal petechial rash to severe gastro- 
intestinal, renal, neurological, pulmonary, and joint 
disease (Box 18-1). Most children have self-limited 
disease. Systemic involvement or serious sequelae are 
infrequent on long-term follow-up.?! 


EPIDEMIOLOGY 


The peak incidence of HSP occurs in the first and 
second decades of life, with 90% of patients aged less 
than 10 years. The male to female ratio is 2:1. HSP is 
uncommon in blacks. The incidence in children varies 


Box 18-1 The Dominant Features of HSP 


in 100 Cases”? 


Cutaneous purpura 100% 
Arthritis 82% 
Abdominal pain 63% 
Gastrointestinal bleeding 33% 
Nephritis 40% 
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Box 18-2 Possible Causes of HSP 


Parvovirus B19, hepatitis B virus, 
hepatitis C virus, human 
immunodeficiency virus, 
Streptococcus species, Salmonella 
species, Shigella species, 
Staphylococcus aureus 

Antibiotics, angiotensin-converting 
enzyme (ACE) inhibitors, 
angiotensin II receptor antagonists, 
non-steroidal anti-inflammatory 
agents 

Vaccinations, insect bites, food allergy 


Infections: 


Medications: 


Toxins: 


from country to country and among different popula- 
tions within a country,'? and is highest in the fall and 
winter. 


ETIOLOGY 


Although there is often a history of a recent or simul- 
taneous upper respiratory tract infection, no consistent 
causative organism is found. Virtually every known 
pathogen has been implicated, usually circumstantially, 
as a trigger for HSP (Box 18-2). 


PATHOGENESIS OF HSP NEPHRITIS®” 


The pathogenesis of HSP nephritis (HSP N) is similar 
to that of IgA nephropathy (Box 18-3). No major biolog- 
ical differences are found between the two illnesses, 
except for a larger size of circulating IgA-containing 
complexes (IgA-CC) and a greater incidence of elevated 
plasma IgE concentrations in HSP N. A role for more 
potent activation of the leukocytes by IgA-CC and/or 


Box 18-3 Immunologic Abnormalities 


in HSPN 


Increased serum IgA1 concentrations 

Increased IgA1-containing circulating immune 
complexes 

Positive IgA-rheumatoid factor 

Polymeric IgA1 deposited in the mesangium 
Abnormal hinge region of IgA1 molecule 

Decreased IgA1 galactosylation correlates with 
nephritis 

¢ Abnormal O-glycosylation of mesangial IgA1 in IgA N 


circulating chemokines in HSP N may occur because 
tissue infiltration by leukocytes is a major feature of 
HSP N vasculitis. Deposits of abnormal IgA1 in the 
mesangium trigger many mediators of inflammation that 
modulate the disease activity including the alternate 
complement pathway, interleukin CIL)-1, IL-6, platelet- 
derived growth factor, tumor necrosis factor, free-oxygen 
radicals, vascular cell adhesion molecule-1, and membrane 
attack complex (C5b-9). 


PATHOLOGY? 


Renal Pathology 


HSP is characterized by predominant deposits of IgA 
in the mesangium. The major histopathologic changes 
are an endocapillary glomerulonephritis, but the findings 
on renal biopsy vary among patients, and also within and 
among glomeruli. The classical features of HSP N include 
neutrophil infiltration in glomeruli, nuclear fragmenta- 
tion (karyorrhexis), and areas of necrosis. Necrotizing 
glomerular lesions, diffuse endocapillary proliferation, 
and fibrin deposits are seen in HSP N more often than 
in IgA N, and glomerular crescents occur in more than 
50% of cases. Immunofluorescence microscopy demon- 
strates mesangial deposits of IgA, polymeric IgA1, and 
inconsistent staining for IgA in glomerular capillary 
walls. Glomerular fibrin deposits are frequently seen, but 
detection of glomerular deposits of IgG, IgM, C3, and 
alternative complement pathway components is more 
variable. 

Ultrastructural findings include mesangial electron- 
dense deposits, subepithelial and subendothelial deposits. 


Skin Pathology 


Capillaries and venules of the dermis are affected by a 
leukocytoclastic vasculitis with vessel wall necrosis and 
perivascular accumulation of polymorphonuclear leuko- 
cytes and mononuclear cells. Immunofluorescence 
microscopy is positive for IgA, C3c, and fibrin/fibrinogen 
in small vessels and connective tissue in the purpuric 
lesions.” 1013 


CLINICAL FEATURES 


The prevalence of each of the clinical features 
depends on the center from which they are reported. 
Initial signs of HSP N reported from pediatric nephrol- 
ogy centers!© were hematuria and proteinuria in 50%, 
acute nephritic syndrome in 8%, nephrotic syndrome 
in 13%, and nephritic/nephrotic syndrome in 29% of 
patients. 


Clinical Pearl 


e Any one of the four major components of HSP - rash, 
joint pain, abdominal symptoms, and nephritis - may 
present before the others. 

¢ However, it is uncommon for the nephritis to present 
first. 


Rash 


By definition, the rash occurs in 100% of children 
with HSP N. These lesions start as red macules that pass 
through an urticarial phase to become purpuric papules. 
The urticaria is typically non-blanching. In some cases, 
purpuric papules - usually on the ankles - enlarge and 
become confluent areas that may break down to form 
necrotic ulcers. The rash is symmetrical and starts on the 
lower extremities, but it can occur on many parts of the 
body including the buttocks, abdomen, elbows, genitalia, 
face, and ears. Discrete areas of edema can occur over 
the forehead, feet, hands, and scalp. The rash may last 
for days to weeks and may recur, in some cases, once or 
many times, even 10 years after the first episode. 


Clinical Pearl 

e The rash of HSP usually occurs in areas of increased 
pressure. 

¢ The rash may look terrifying, but is not life-threatening. 


Joints 

Joint involvement varies from mild arthralgia to 
severe, debilitating arthritis with swelling and redness. 
Larger joints such as ankles, knees, and wrists are usually 
affected. Swelling of the feet may be so severe that the 
patient is incapable of walking. 


Gastrointestinal 


Gastrointestinal involvement occurs in two-thirds of 
children with HSP, and usually manifests with colicky 
abdominal pain associated with combinations of nausea, 
vomiting, bloody stool, and upper gastrointestinal bleed- 
ing.!? Abdominal symptoms precede the appearance of 
the rash in as many as 36% of patients. The abdominal 
symptoms may mimic an acute surgical abdomen and 
result in unnecessary laparotomy.’ However, major 
complications of abdominal involvement develop in up 
to 14% of patients. Intussusception is the most common, 
most serious, and often the most difficult to diagnose 
gastrointestinal problem. The investigation of choice is 
ultrasonography. Infrequent complications are bowel 
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Box 18-4 Patterns of Renal Involvement 


in HSP N 


Microscopic hematuria 

Microscopic hematuria with minimal proteinuria 
Macroscopic hematuria - single or multiple episodes 
Acute nephritis - single or multiple episodes 
Acute nephritis with nephrotic syndrome 

Acute renal failure?? 

Acute hypertension without apparent renal disease 
Chronic renal failure 


8 


ischemia, infarction, perforation, fistula formation, late 
ileal stricture, acute appendicitis, pancreatitis, gallbladder 
hydrops, and pseudomembranous colitis. Occasionally 
there can be massive upper or lower gastrointestinal 
hemorrhage, but bleeding tends to be self-limiting with 
frank blood or melena in half the patents. 


Renal Disease 


Renal involvement varies from trivial microscopic 
hematuria to acute renal failure (Box 18-4).! Nephritis 
occurs in up to 40% of patients, and fewer than 10% are 
under 2 years of age. In 90% of patients the renal mani- 
festations occur within the first month of onset of HSP, 
rarely manifest before the other features of the syndrome, 
and may be delayed for weeks after the onset of the 
other components. 


Scrotum and Testis 


Involvement of the scrotum and testis occurs in 30% 
of cases. This may mimic torsion of the testis and very 
rarely be a cause of torsion.” 


LABORATORY STUDIES 


The diagnosis of leukocytoclastic vasculitis is 
confirmed, if in doubt, by a skin biopsy. Depending 
on the patient’s history, a complete blood cell count, 
serum chemistries, blood urea nitrogen (BUN), serum 
creatinine and albumin, blood cultures, cryoglobulins, 
rheumatoid factor, antinuclear antibody, autoantibodies 
to neutrophilic cytoplasmic antigens and serum comple- 
ment values may be checked. The urine must be tested 
by dipstick, and the spun sediment must be examined 
by microscopy for red blood cell casts and red blood 
cells if the test is positive for blood. The urine protein 
excretion must be quantified if the dipstick shows more 
than 1+ protein. In general, the indication for a kidney 
biopsy is a 24-hour urine protein excretion of >1.0-1.5 g. 
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Every patient with severe abdominal pain must be exam- 
ined, at a minimum, by ultrasonography to rule out an 
intussusception. 


Clinical Pearl 


* The platelet count is normal or increased in HSP.1! 

¢ The serum albumin concentration may be decreased 
as a result of nephrotic syndrome or protein-losing 
enteropathy.?” 


DIFFERENTIAL DIAGNOSIS 


Systemic lupus erythematosus (SLE) should be consid- 
ered, although it is usually not difficult to differentiate 
HSP N from SLE. The renal histopathologic findings are 
similar in HSP N and IgA N. Although pulmonary involve- 
ment rarely occurs in HSP, a diagnosis of Wegener gran- 
ulomatosis must be considered in patients with pulmonary 
changes (Box 18-5) or atypical vasculitic skin eruptions. 
A differential diagnosis of purpuric rashes is listed in 
Box 18-6. Consideration of these is especially important 
in atypical cases of HSP N. Acute infantile hemorrhagic 
edema is a cutaneous leukocytoclastic vasculitis charac- 
terized by the symptom triad of fever, large purpuric 
skin lesions, and edema. The clinical picture has a violent 
onset, a short benign course, and spontaneous complete 
recovery.” Patients with meningococcemia can have a 
purpuric rash, with renal, lung, gastrointestinal and central 
nervous system impairment.”° Hypersensitivity vasculitis 
and HSP are similar, but separable, clinical syndromes.” 
Major differences are the occurrence of low serum C3 
concentrations and histopathologic findings of membra- 
noproliferative glomerulonephritis in hypersensitivity 
vasculitis (Box 18-7). Unusual variants of post-streptococcal 
glomerulonephritis may present with a clinical picture 
that mimics many of the features of HSP.!” 


TREATMENT 


General measures include maintaining hydration, 
correcting electrolyte abnormalities, treating hyper- 
tension, and providing analgesia for abdominal pain 


Box 18-5 onary Renal Syndromes** 


e Systemic lupus erythematosus 

e Wegener granulomatosis 

e Goodpasture disease 

e Henoch-Schonlein purpura 

e Strep. pneumoniae-associated hemolytic uremic 
syndrome 


Box 18-6 Differential Diagnosis of 


Purpuric Rashes 


e Henoch-Schénlein purpura 

e Meningococcemia 

e Septicemia 

e Purpura fulminans 

e Acute infantile hemorrhagic edema 


and arthralgias. Any assessment of studies on the treatment 
of the nephritis must take into account a number of diffi- 
culties: there are no prospective, randomized, controlled 
studies on the treatment of HSP N; there is a great deal of 
ascertainment bias; and there is a high rate of spontaneous 
remission in up to 50% of patients.4 Despite these impor- 
tant caveats and reservations, several studies show that 
corticosteroids, immunosuppressive agents, and anticoag- 
ulants, either alone or in combination, may improve the 
renal outcome in patients with severe HSPN. !4:15.23,24,32 


Clinical Pearl 


e Patients with normal kidney function need only 
supportive treatment 

e There are no studies on the use of ACE inhibitors 
and/or angiotensin II receptor blockers in HSP N 

e There are no clear guidelines on treatment of 
progressive renal disease in HSP N 


No treatment protocol is universally effective, but 
early initiation of therapy appears to improve the renal 
outcome. The optimal duration of therapy is unknown, 
but it is suggested that immunosuppressive treatment 
should be given for at least 3 months. Plasma exchange 
may be indicated for patients who develop very severe 
nephritis, but there are no controlled studies and the 
effects may be transient.*° 


OUTCOME 


The prognosis varies according to the clinical presen- 
tation (Table 18-1).16 The severity of interstitial fibrosis, 


Box 18-7 Features of Hypocomplementemic 
Urticarial Vasculitis 


(Hypersensitivity Vasculitis)?? 


e Polyarthritis 

e Hypocomplementemia 

e Purpuric rash 

¢ Hematuria and proteinuria 

e Membranoproliferative glomerulonephritis 
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Table 18-1 Outcome According to Initial Clinical 


Presentation! 


Chronic Renal 10 


Clinical Presentation Failure (%) 


percentage of sclerotic glomeruli, and presence of 
glomeruli with fibrinoid necrosis are associated with a 
poor renal prognosis.?® HSP can recur after renal trans- 
plantation, even in the absence of clinical signs and 
symptoms, and lead to graft loss in 11% to 35% of patients 
at 5 years after transplantation.?! Patients with severe 
renal symptoms at onset require long-term follow-up 
during adulthood, and all women who had even mild 
renal symptoms at onset of HSP N should be carefully 
observed during and after pregnancy.78 


Clinical Pearl 


The severity of clinical presentation and initial findings 
on renal biopsy correlate well with outcome, but have 
poor predictive value in individuals. !6 
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Clinical Pearl 


Membranoproliferative glomerulonephritis (MPGN) is 
an uncommon form of renal disease. 


INTRODUCTION 


In the older literature, membranoproliferative glomeru- 
lonephritis (MPGN) is also referred to as mesangiocapillary 
glomerulonephritis (MCGN) or chronic lobular nephritis; 
however, these terms have now fallen out of favor. Like 
most forms of glomerulonephritis, MPGN is a pathologic 
diagnosis. The histologic criteria that characterize MPGN 
are expansion of the mesangial matrix, varying degrees 
of mesangial proliferation, a lobular appearance of the 
glomerular tufts, and distinct alterations of the glomeru- 
lar basement membrane (GBM). Based largely on ultra- 
structural (electron microscopic) features, three types of 
MPGN have been defined.?? Type I, the most common 
form, is characterized by the presence of an intact GBM 
with abundant subendothelial deposits. Type II, also 
referred to as ‘dense deposit disease,’ is defined by a 
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thickened GBM with frequent intramembranous 
deposits. Lastly, type III is characterized by complex 
subendothelial and subepithelial deposits and a frag- 
mented, disrupted, GBM. Although a substantial body of 
literature has emerged to support the classification of 
type III MPGN as a distinct pathologic disorder, this is 
not universally accepted. Some still regard type III solely 
as a variant of type I, and this is particularly evident in the 
adult literature, where most large case series of MPGN 
patients do not distinguish between type I and type MI 
MPGN. Currently, none of the national renal or transplant 
databases separate type I from type II MPGN. In the 1970s 
it became apparent that some patients with chronic 
infectious diseases or malignancies developed glomeru- 
lar pathology similar to MPGN. The classification system 
was then further refined by the addition of secondary as 
opposed to primary or idiopathic MPGN (Box 19-1). 


EPIDEMIOLOGY 
The incidence of MPGN is difficult to ascertain. One 


retrospective study of primary renal biopsies in the 
Italian city of Turin estimated the incidence of MPGN at 


Box 19-1 Classification System of 
Membranoproliferative 


Glomerulonephritis (MPGN) 


Idiopathic MPGN 
Type I 
Familial 
Type II 
Type IN 
Familial 
Secondary MPGN 
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0.75 cases per million children.© Large pediatric tertiary 
referral centers in the United States typically report one 
to two new cases of MPGN per year. Based on data from 
centers in Japan and Europe, there is some suggestion 
that the incidence of MPGN has been declining over the 
past decade. This issue remains unresolved. The most 
recent North American Pediatric Renal Transplant 
Cooperative Study (NAPRTCS) report indicates that 
MPGN is the primary etiology for approximately 3% of 
all pediatric patients with chronic renal insufficiency or 
end-stage renal disease (ESRD); 204 patients in total. !4 
The relative frequency of the types of MPGN varies 
according to the reporting center.*!17 Type I is the 
most common, accounting for roughly 55% of reported 
cases (range 36 to 78%), followed by type III with 25% 
(range 14 to 41%); type II is the least common at 20% 
(range 5 to 34%). MPGN occurs most commonly in older 
children and adolescents, with a mean age of onset of 


9 years. The condition has, however, been reported 
in a child as young as 18 months. Males and females 
appear to be equally affected. In the United States, 
MPGN has been reported most frequently in the white 
population, although it has been seen in all ethnic groups. 
Some reports from Asia, Africa, and South America indi- 
cate a higher frequency of MPGN than is seen in the 
United States. 


SECONDARY MPGN AND GENETIC 
ASSOCIATIONS 


The incidence of secondary MPGN is unknown. 
With the exception of hepatitis-associated MPGN, most 
secondary forms of MPGN are rare and reports consist 
of single cases (Table 19-1). The most common form 
of secondary MPGN in adults is chronic hepatitis C 


Table 19-1 Secondary Forms of Membranoproliferative Glomerulonephritis (MPGN). Frequently Reported 


Causes of Secondary MPGN are in Bold, the Remaining are Largely Single Case Reports of 
Associated but Not Proven Causes of Secondary MPGN. 


Malignancy 

B-cell lymphoma 

Castleman’s syndrome 

Chronic lymphocytic leukemia 
Gastric adenocarcinoma 
Hydatidiform mole 

Mixed-germ cell ovarian tumor 
Monoclonal gammopathy 
Transitional cell carcinoma of the bladder 
Multiple myeloma 

Non-Hodgkin’s lymphoma 

POEMS syndrome 

Pulmonary carcinoid tumor 
Reactive hemophagocytic syndrome 
Small cell lung carcinoma 

Wilms’ tumor 


Infectious 
Coagulase-negative Staphylococcus 
Candida albicans 
Epstein-Barr virus 
Hepatitis A 

Hepatitis B 

Hepatitis C 

Hepatitis G 

HTLV-1 

HIV 

Malaria 

Meningococcus 
Mycoplasma pneumoniae 
Hantavirus 

Q fever 

Schistosoma mansoni 
Tuberculosis 


Immunologic 
Complement deficiencies (Factor H) 


Cryoglubulinemia 
Hypogammaglobulinemia 

Hyper-IgE syndrome 

Sarcoidosis 

Sjogren’s syndrome 

SLE 

Hypocomplementemic urticarial vasculitis 


Miscellaneous 

Alpha-1 anti-trypsin deficiency 
ADPKD 

Crow-Fukase syndrome 
Cushing’s syndrome 

Down’s syndrome 


Gaucher’s disease 

Gonadal dysgenesis 
Hemolytic uremic syndrome 
Heroin abuse 

Partial lipodystrophy 
Prader-Willi syndrome 
Sherwood-Proesman syndrome 
Sickle cell disease 

Takayasu’s arteritis 

Turner’s syndrome 

Ulcerative colitis 
Wiscott-Aldrich syndrome 


ADPKD = autosomal dominant polycystic kidney disease; SLE = systemic lupus erythematosus. 


infection; this association is seen much less frequently in 
the pediatric population. A retrospective study of chil- 
dren previously diagnosed with idiopathic MPGN failed 
to identify a single unrecognized case attributable to 
chronic viral hepatitis.!° It is likely that the long latency 
period of hepatitis infections, combined with the rela- 
tively low incidence of these diseases in the pediatric 
population, accounts for the infrequency of hepatitis- 
associated MPGN. Other forms of chronic infectious 
antigenemia-associated MPGN are also rare in the 
United States. This is not the case in countries where 
malaria, schistosomiasis, and hepatitis are endemic. 
Malignancy-associated MPGN is uncommon in the 
pediatric population; indeed, the most frequent MPGN- 
associated malignancy, chronic lymphocytic leukemia 
(CLL) is rare in children. 

There are reports of familial transmission of type I and 
type III MPGN, although specific chromosomal loci have 
not yet been identified. Familial clustering of type II 
MPGN has not been reported. There is one report of 
type I MPGN occurring in one sibling and type III in 
another, suggesting that there may be genetic suscepti- 
bility factors common to both diseases. This is supported 
by the finding of an increased frequency of the extended 
haplotype, HLA-B8, DR3, SCO1, GLO2 in 13% of patients 
with type I or type II compared to 1% of normal controls. 
There is also a higher frequency of inherited comple- 
ment deficiencies in patients with type I and type III 
MPGN (22.7%) compared to healthy controls (6.7%).> 
These deficiency states include components of the 
classical pathway, Clq and C2, the alternative pathway 
protein Factor B, and terminal pathway components: C6, 
C7 and C9. Interestingly, an absolute deficiency in any of 
these proteins was not identified. 


PRESENTATION AND CLINICAL 
FEATURES 


MPGN is somewhat unique among forms of glomeru- 
lonephritis in that its clinical presentation is vari- 
able.3:1917,22 This can range from asymptomatic 
microscopic hematuria and/or proteinuria to acute 
nephritis with gross hematuria, nephrotic syndrome, or 
rapidly progressive glomerulonephritis (RPGN). The 
Japanese experience with urinary screening suggests 
that most patients with MPGN have a period of ‘silent’ 
disease. litaka et al. reported that of 41 children diag- 
nosed with MPGN over a 20-year period, 33 (81%) were 
identified solely on the basis of isolated microscopic 
hematuria or proteinuria.!° The absence of universal 
urinary screening in this country may account in part for 
the variability of presentation. Given the relative rarity of 
MPGN and its range of clinical presentations, MPGN is 
frequently not considered as a primary diagnosis. 
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Type I MPGN presents most commonly as asympto- 
matic microscopic hematuria and/or proteinuria. This is 
seen in roughly 50% of patients. The child is otherwise 
clinically well with normal renal function, serum albu- 
min, and blood pressure. Nephrotic syndrome is seen 
in approximately 30% of type I patients. It is often 
associated with either microscopic or gross hematuria. 
Presentation with acute nephritis, marked by red cell 
casts and dark cola-colored urine, is seen in 25-30% of 
type I patients. Renal insufficiency is uncommon, and 
serum albumin concentrations are typically mildly 
depressed. Hypertension is also frequently seen. One 
feature that distinguishes MPGN type I at presentation 
is a history of prior systemic complaints. These are 
seen in about 25% of patients and include weight loss, 
decreased levels of activity, and easy fatigueability. These 
findings are uncommon in type II and almost never seen 
in type III. 

Fewer than 25% of patients with type II MPGN present 
with isolated microscopic hematuria and/or proteinuria. 
Nephrotic syndrome is seen in over 50% of patients. 
Presentation with acute nephritis or gross hematuria is 
also more common in type II than in type I or HI. Systemic 
hypertension is seen in about 50% of patients, and serum 
creatinine concentrations are greater than 1.2 mg/dl at 
presentation in 15% of patients with type II MPGN. 

Type III MPGN presents most commonly as asympto- 
matic microscopic hematuria and/or proteinuria (67%). 
Nephrotic syndrome or acute nephritis is seen in less 
than 33% of patients. Renal function in most cases of 
type III is normal. In distinction to type I and type H, 
hypertension is rare and is noted in less than 10% of 
cases. Prior constitutional symptoms are exceedingly 
unusual. 

Although uncommon, MPGN can present as RPGN. 
Serum C3 levels tend to be profoundly depressed, and 
rapid deterioration of renal function is accompanied by 
azotemia, oliguria, and accelerated hypertension. This is 
seen most commonly in type II MPGN, but it has also 
been reported in type I and M. 


LABORATORY EVALUATION 


While there are subtle differences in presentation 
between the different types of MPGN, it is difficult to 
clearly distinguish one type of MPGN from another 
based solely on clinical features. Analysis of abnormali- 
ties of serum complement proteins is particularly useful 
in this regard as abnormalities of the complement system 
are frequently associated with MPGN.?! A low C3 level 
is seen is approximately 80% of patients with MPGN, 
regardless of type. The diagnostic evaluation of hypo- 
complementemic nephritis is shown in Figure 19-1. 
Measurement of C3, C4, and C5 are useful to the clinician 
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The diagnostic approach to a patient with hypocomplementemic nephritis. ANA = 


antinuclear antibodies; APSGN = acute post-streptococcal glomerulonephritis; MPGN = membrano- 
proliferative glomerulonephritis; SBE = subacute bacterial endocarditis; SLE = systemic lupus erythe- 


matosus; VA = ventriculo-atrial. 


in identifying patients with MPGN as well as distinguishing 
the different types of MPGN serologically (Table 19-2).7° It 
should be remembered that up to 20% of patients with 
MPGN have normal C3 levels at the time of presentation. 

Type I MPGN is associated with low C3 levels (80% 
at presentation) and low C4 levels in about 40% of 
patients. C5 concentrations are typically normal, and 
there is little evidence of terminal pathway activation. 
Type II MPGN can be distinguished from type I in that 
C4 levels are universally normal. C3 levels are depressed 


Table 19-2 Patterns of Hypocomplementemia by 


MPGN Type 
C3 C4 c5 
Type I MPGN Low Low Rarely low 
Type Il MPGN Low Normal Normal 
Type Il MPGN Low Rarely low Low 
SLE Low Low Rarely low 
APSGN Low Rarely low Low 


APSGN = acute post-streptococcal glomerulonephritis; SLE = systemic lupus 
erythematosus. 


in approximately 75% of patients, whereas C5 levels are 
normal. Typically there is no suppression of terminal 
pathway components. In type II, the C3 levels tend to 
be profoundly depressed in over 80% of patients. The 
suppression of C3 seems to be greater and of longer 
duration than that seen in type I patients. C4 levels are 
frequently normal, although suppression of C4 can be 
seen in some patients. The primary hallmark of MPGN 
type III is a depressed C5 level, seen in 50% of patients. 
Depression of terminal components C6, C7, or C9 can 
be seen in up to 75% of type III patients.?! 

MPGN is also frequently associated with the presence 
of a complement-activating nephritic factor.?> Nephritic 
factors are autoantibodies, typically IgG but occasionally 
IgM, which act to stabilize complement-activating conver- 
tases of either the classical or alternative pathways. Three 
nephritic factors have been characterized (Table 19-3). 

NF, (also referred to as C3ne¢) stabilizes the alternative 
pathway convertase, C3bBb, and rapidly cleaves C3 
in vitro. It is commonly seen only in type II MPGN. NF, 
(also referred to as C4pep stabilizes the classical pathway 
convertase C4bC2b. NF, is seen primarily in type I MPGN, 
and rarely in type III. NF,, the nephritic factor of the termi- 
nal pathway, stabilizes the C5 convertase, (C3b)2BbP, 


Table 19-3 Nephritic Factors and Associated Type of 
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Table 19-4 Immunofluorescent Findings by 


MPGN MPGN Type 
Type I Type Il Type M Type I Type I Type M 
NF, Not present Common Not present IgG Capillary loop Absent Faint 
NF, Common Not present Rare (Fringe) 
NF, Rare Not present Common Co-localization No co-localization 
C3 Fringe Capillary loop Capillary 
Mesangium Mesangium 
Bowman’s 
me , , ce, capsule 
activating the terminal pathway. In vitro, NF, is distin- C4 Fringe NAN Abet 


guished from NF, by its slow cleavage C3; this is maximal 
at 4 hours compared to 20 minutes with NF,. NF, is seen 
primarily in type III MPGN, although it has occasionally 
been reported in association with type I MPGN. The 
serologic detection of nephritic factors is quite useful in 
distinguishing among the types of MPGN; however, assays 
for NF, and NF, are performed primarily by research labo- 
ratories and are not widely utilized clinically. In addition 
to complement activation and consumption, depressed 
C3 levels in patients with MPGN have been associated 
with reduced C3 production. This is mediated primarily 
by feedback inhibition of hepatic C3 synthesis by C3 
cleavage fragments. 


PATHOLOGY 


It is difficult to distinguish the types of MPGN solely 
by light microscopy. All types of MPGN have an increase 
in glomerular cellularity with mesangial proliferation. 
Subtle differences in degrees of mesangial proliferation 
are seen, with proliferation being most dramatic in type I 
followed by types II and III. Focal mesangial prolifera- 
tion is most commonly seen in type III. Using silver stain, 
the capillary walls are seen to be thickened, with a signif- 
icant reduction in open capillary lumens. In type I MPGN, 
double contours of the capillary walls may be noted, 
resulting in a ‘tram-track’ appearance. Tram-tracking is 
less commonly noted in type II and type III. 

Patterns of immunofluorescence staining can distin- 
guish between the three types of MPGN (Table 19-4). In 
type I MPGN, C3 staining is typically seen in the periph- 
ery of the glomerular capillary loops in a ‘fringe’ pattern. 
Staining with C4 and IgG is frequently strongly positive 
and co-localizes in the capillary loops with C3. Type II 
can be distinguished by the lack of IgG and C4 staining. 
C3 staining is very strong, and localizes to the mesangium, 
as well as to the glomerular capillary loops. Ring-like 
staining is frequently seen along the GBM. C3 staining of 
Bowman’s capsule is often also noted. In type III MPGN, 
C4 deposits are rarely seen. When noted, IgG is typically 
faint and seen only in a mesangial pattern. C3 is present 
in a mesangial and capillary loop distribution and does 


Co-localization 


not co-localize with either IgG or C4. Staining for IgA or 
IgM is typically negative in all types of MPGN. 
Ultimately, ultrastructural studies of the renal biopsy 
are required to diagnose the specific type of MPGN. The 
hallmark of type I is presence of an intact GBM with 
frequent subendothelial deposits. Subepithelial deposits 
can also be seen. Typically, there is marked mesangial 
proliferation extending around the glomerular capillaries 
and resulting in mesangial interposition. Type I MPGN 
can be identified by the presence of intramembranous 
deposits (dense deposits) in the lamina densa of the 
GBM. These deposits are discontinuous and may also be 
seen in the perimesangial region. The GBM lesions seen 
in type II are complex. Both subendothelial and subepi- 
thelial deposits can be seen, and the GBM appears to be 
thickened. It is often difficult to distinguish type I and 
type III deposits using standard electron microscopic 
techniques. However, with silver methenamine staining 
the GBM in type III is noted to be discontinuous, with a 
fragmented and laminated appearance; this is distinct 
from the intact GBM seen in type I MPGN (Table 19-5). 


PATHOGENESIS 


Idiopathic MPGN type I is thought to be mediated by 
immune complex formation. This hypothesis is based on 
evidence of activation of the classical pathway with low 
serum C4 and C3, and abundant IgG deposits in the 
kidney that co-localize with C3 and C4. Circulating 
immune complexes can frequently be detected in the 
serum of patients with type I. The association of type I 
with disorders producing either chronic antigenemia or 
abnormal immunoglobulin production strongly favors 
an immune complex-based mechanism of glomerular 
injury. It is thought that the deposition of these immune 
complexes in the subendothelial space induces mesan- 
gial proliferation and increased production of mesangial 
matrix components. 
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Table 19-5 Common Electron Microscopy Findings by MPGN Type 


Typel 
GBM Intact 
Intramembranous deposits Absent 
Subendothelial deposits Frequent 
Subepithelial deposits Variable 


Type Il Type M 

Intact Disrupted/thickened 
Abundant Absent 

Absent Common, variable 
Absent Common, variable 


"The disrupted, laminated, appearance of the GBM in type III is best seen by silver methenamine staining. 


Although the pathogenesis of type II is unknown, an 
emerging body of data suggests that chronic comple- 
ment activation plays a primary role in the initiation of 
glomerular injury. Deficiency in Factor H - a comple- 
ment regulatory protein that inactivates C3 convertase - 
is associated with the development of MPGN in humans 
and in animals. Humans with homozygous Factor H defi- 
ciency have an increased frequency of glomerulonephtri- 
tis, including MPGN. Marder’s disease - a mutation in 
Factor H that prevents Factor H binding to C3 conver- 
tase - is also associated with the development of MPGN. 
Animals with either naturally occurring Factor H defi- 
ciency (pigs) or targeted deletions in Factor H (mice) 
develop a spontaneous glomerulonephritis that is similar 
to MPGN.!° In this model, glomerular injury is entirely 
complement-dependent. Mice deficient in Factor H when 
crossed with mice lacking Factor B, and thus unable to 
form C3 convertase, are protected from the develop- 
ment of nephritis. The lack of IgG deposits in humans 
with MPGN type II and the absence of classical pathway 
activation suggest that, as opposed to type I, type II is 
not an immune complex disease. The association of 
complement activation and MPGN is seen in patients 
with partial lipodystrophy.!! These patients have a very 
high frequency of circulating NF, and MPGN type II. It 
has been hypothesized that the concordance of lipodys- 
trophy and MPGN in these patients is due to the high 
levels of Factor D produced by adipocytes. The patho- 
genic mechanisms by which this results in the destruc- 
tion of adipocytes and in the development of MPGN are 
uncertain. 

Less is known regarding the pathogenesis of type III. 
There are no known animal models of type III, and no 
specific complement-deficiency states are linked with 
type II. The absence of IgG deposits and normal C4 
levels suggest that, like type II MPGN, type III is not 
a primary immune complex disease. West et al. have 
reported in a series of studies that there is a strong corre- 
lation between hypocomplementemia and the presence 
of perimesangial and subendothelial deposits in these 
patients.24 They have hypothesized that the develop- 
ment of the ultrastructural changes seen in type III are 
dependent on the presence of circulating NF,, and that 


NF, may play a primary pathogenic role in the develop- 
ment of this disease. However, a number of reports have 
failed to demonstrate any relationship between the 
presence of NF, and either disease severity and/or renal 
survival. 


NATURAL HISTORY 


In the absence of therapy, the natural history of 
type I and type II MPGN is one of inexorable deteriora- 
tion of renal function and progression to ESRD. There 
are no natural history studies of MPGN type III. Based on 
reports by Habib and Cameron, the outcome of type I 
and type II are similar, with 50% progressing to ESRD by 
10 years, and 90% by 20 years.*? It is important to note 
that in these studies no distinction was made between 
type I and type III MPGN. Cameron et al. noted a slower 
progression in children with type I MPGN compared to 
adults.4 Regardless of type, the presence of nephrotic 
syndrome, renal insufficiency, or glomerular crescents has 
a negative impact on disease progression. Spontaneous 
remission of proteinuria and improvement in renal func- 
tion has been noted in some cases of MPGN, although 
these are clearly the exception. 


TREATMENT 


Prior to any discussion of therapeutic options in the 
treatment of MPGN, there are a number of factors that 
are important to consider. First, given the rarity of this 
disease, a limited number of controlled therapeutic trials 
have been conducted. These studies typically contain 
few patients; in fact, the largest controlled study of the 
treatment of MPGN contained only 80 patients of all 
types. Second, most uncontrolled series contain patients 
accrued over years, if not decades. The improvement 
in care of patients with chronic renal insufficiency, 
combined with the fact that many patients have received 
additional therapies, presents a major confounding factor 
in data analysis. The largest published case series on the 
use of high-dose, alternate-day steroids contains slightly 


more than 85 patients enrolled over almost four decades. 
Many patients - particularly those from the 1960s to the 
late 1970s - received other forms of immunomodulatory 
therapy in addition to alternate-day steroids. Third, a 
number of trials have limited follow-up periods. In a 
disease where the mean time to renal failure is 10 years, 
it is difficult to evaluate the impact on long-term survival 
of any therapy when the follow-up time is limited. This 
is particularly relevant in regard to the studies on the 
use of anti-platelet therapies published during the 1980s 
and early 1990s. Fourth, it is important to recognize that 
many patients with MPGN have significant periods of 
silent disease. The duration of disease prior to entry time 
into the clinical trials is of critical importance; the time 
of diagnosis by biopsy may have been preceded by years 
of glomerular injury. The universally good outcome 
reported in the Japanese literature may in part be due to 
the early and aggressive treatment of individuals detected 
by asymptomatic urinary screening. Finally, the utility 
of renal survival analysis as a method of determining 
response to therapy has been questioned. Given the 
chronicity of these uncommon disorders, and the 
complexity of data analysis over many years of patient 
follow-up, the comparison of single-center experiences 
in relation to historical controls must be viewed with 
caution. For a complete discussion of this question, the 
reader is referred to an excellent analysis of the problem 
by Donadio et al. With these caveats in mind, two basic 
approaches to treatment of MPGN have been advocated: 
corticosteroids and anti-platelet therapy. 


Corticosteroids 


The use of long-term high-dose, alternate-day steroids 
(2 mg/kg q.o.d. with a maximum of 80 mg per day) for a 
minimum of 2 years has been advocated by the Cincinnati 
group. Based on a series of uncontrolled reports span- 
ning almost 30 years, they have reported encouraging 
results.!* Renal survival for all types of MPGN was 84% 
at 10 years and 54% at 20 years - a significant improve- 
ment compared to historical controls. Most, if not all, 
patients had residual proteinuria, but serial follow-up biop- 
sies confirmed improvement in many instances. Recent 
reports from this center indicate that patients with 
type I appear to respond more favorably to therapy than 
patients with type III, with 80% of type I patients having 
an estimated glomerular filtration rate (GFR) greater than 
75 ml/min/1.73 m? compared to 70% of patients with 
type III at 10 years of follow-up. Type III patients also 
had significantly more residual proteinuria and hematuria. 
The response of type II patients to the alternate-day pred- 
nisone regimen has been less encouraging. These reports 
have been criticized for their reliance on historical 
controls, and use of additional therapies in a number of 
patients in the early years of the study (1960s to 1970). 
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The largest and only randomized, placebo-controlled, 
trial of prednisone in the treatment of MPGN, the ISKDC 
(nternational Study of Kidney Disease in Children) study, 
supports the use of corticosteroids in these patients.!? In 
this study, 80 patients with biopsy-proven MPGN and 
heavy proteinuria were randomized to either prednisone 
(40 mg/kg q.o.d.) or placebo (lactose). Seventeen patients 
with type III were enrolled and, due to limited statistical 
power, they were combined with the type I patients 
for analysis. The patients were followed for 5 years. 
Treatment failure was defined as either an increase in 
serum creatinine greater than 30% above baseline, or an 
absolute increase of >0.4 mg/dl. At the time of last 
follow-up, 33% of patients treated with prednisone had 
met the criteria for treatment failure compared to 55% of 
patients in the placebo group (p = 0.071). While this did 
not meet statistical significance, subset analysis of the 
combined type I and type III groups indicated a clear 
advantage with prednisone therapy (p = 0.035). A 
number of patients in the prednisone treatment group 
had to be withdrawn, or had their prednisone dose 
decreased, due to severe hypertension. This study has 
been criticized for a significant difference in duration of 
disease prior to enrollment in the treatment versus the 
placebo groups (8.9 months versus 18.1 months), which 
may have biased the data toward steroid responsiveness. 
Furthermore, others have suggested that a greater 
response to therapy would have been seen if higher 
doses of prednisone had been used. A smaller random- 
ized trial reported by Mota-Hernandez et al. of eight 
patients with type I treated with high-dose, alternate-day 
steroids and 10 placebo control patients supported these 
findings. 13 At the last follow-up (mean of 6 years), all of 
the patients treated with prednisone had either stable or 
improved renal function, while 40% of placebo-treated 
patients had progressed to ESRD. A number of additional 
smaller studies have supported the use of alternate-day, 
high-dose prednisone. 

Concern over the potential side effects of long-term 
steroid therapy in these patients, including hyperten- 
sion, growth failure, and cataracts, has led a number of 
investigators to modify the Cincinnati protocol. This 
approach has been based on the observation that 
patients who present without nephrotic syndrome have 
a slower progression to ESRD, and thus may either not 
benefit from corticosteroid therapy or respond to lower 
doses of prednisone. Several studies have recommended 
that only patients with nephrotic range proteinuria be 
treated with high-dose steroids, including pulse solume- 
drol.!8 This issue remains unresolved, as Japanese inves- 
tigators have shown significantly better outcomes in 
patients treated with high-dose prednisone, regardless of 
presentation.!° It is also clear from historical studies that 
the absence of nephrotic syndrome does not preclude 
progression to ESRD. 
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Anti-Platelet Therapy 


Based on early reports using dipyridamole and 
cyclophosphamide demonstrating improvement in renal 
function and proteinuria in patients with MPGN, a number 
of controlled trials on the use of these agents were 
undertaken. Significant improvement in proteinuria and 
stabilization of renal function were initially confirmed in 
a randomized, placebo-controlled trial employing aspirin 
and dipyramidole.’ However, in a subsequent report of 
long-term follow-up in these patients the early differ- 
ences in response to therapy were not validated.® A study 
of 18 MPGN patients using aspirin and dipyridamole 
reported an improvement in proteinuria in the treatment 
group, but failed to demonstrate any improvement in 
renal function in response to therapy.” The follow-up 
time was limited to 36 months, however. A number of 
other studies have failed to confirm benefits from anti- 
platelet therapy. Overall, the studies advocating the use 
of anti-platelet therapy, while encouraging, are limited 
due to small patient numbers, limited response to ther- 
apy, short periods of follow-up, and a high incidence of 
hemorrhagic complications. 


Other Therapies 


While there are isolated reports advocating the use of 
other therapies for the treatment of MPGN, including non- 
steroidal anti-inflammatory drugs (NSAIDs), cyclosporine, 
enalapril, and cyclophosphamide, few additional data 
are available to support the widespread use of these ther- 
apies. It is hoped that as our understanding of the path- 
ogenic mechanisms of these diseases improves, targeted 
therapy directed at inhibition of complement activation 
or antibody formation will improve the outcome of these 
patients. 


Renal Transplantation 


As many patients will progress to ESRD despite medical 
therapy, disease recurrence in renal allografts is a signif- 
icant issue for patients with MPGN.! The risk of recur- 
rence appears to be highest in patients with type II 
MPGN, followed by type I. With only two case reports 
in the literature, the frequency of type III recurrence 
is unknown. Changes in immunosuppression had little 
impact on graft survival once the disease had recurred. 
Of concern was the finding that if the disease recurred 
in the primary allograft, the risk of disease recurrence in 
a subsequent graft was 80% (see Chapter 36). 
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Diffuse Mesangial Sclerosis (DMS) 
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Frasier Syndrome (FS) 
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Glomerulonephritis 
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Hereditary Nephritis with Giant Platelets 

Benign Familial Hematuria (BFH) 

Thin Glomerular Basement Membrane Disease (TBMD) 
Hemolytic Uremic Syndrome (HUS) and Thrombotic 
Thrombocytopenic Purpura (TTP) 
Tubulointerstitial Disease 

Nephronophthisis 

Biedl-Bardet Syndrome (BBS) 


Clinical Pearl 


A renal syndrome may be the result of environmental 
cause(s) or genetic cause(s). 


INTRODUCTION 


Whenever a physician sees a patient with a renal 
syndrome, it is important to be aware of the following 


principles: 

e Almost every renal syndrome can be the result of 
environmental causes or genetic causes. Nephritis 
can be caused by B-hemolytic Streptococcus and by 
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mutations that give rise to Alport syndrome. 
Environmental causes of the nephrotic syndrome 
include hepatitis B and mercury, while genetic causes 
include mutations in the nephrin and podocin genes 
that result in congenital nephrotic syndrome and 
focal segmental glomerulosclerosis (FSGS), 
respectively. Shiga toxin-producing E. coli 0157: 

H is the most common environmental cause of the 
hemolytic uremic syndrome, and there are many 
other causes such as S. pneumoniae, and calcineurin 
inhibitors; however, an almost identical condition, 
atypical HUS, is caused by a mutation in Factor H on 
chromosome 1. Tubulointerstitial nephritis can be 
caused by antibiotics, viral infections, and numerous 
other agents, and by several mutations that result in 
nephronophthisis. 

Many renal syndromes are the result of more than 
one genetic or environmental cause. The same 
environmental agent can cause different renal 
syndromes. For example, Treponema pallidum can 
cause early-onset nephritis and later-onset 
membranous nephrotic syndrome. Mutations that 
result in Biedl-Bardet syndrome can cause 
combinations of small kidneys, obstructive 

uropathy, a glomerular disorder, and tubulointerstitial 
disease. 

It is important for treatment, counseling, and 
prognosis to determine whether the etiology of the 
syndrome is the result of an environmental insult or 
genetic mutation. HUS caused by E. coli 0157: H is 
treated differently and has a different outcome to 
HUS caused by a mutation in Factor H. 

A renal disease with a specific phenotype can be 
autosomal recessive, autosomal dominant, or 
X-linked. Alport syndrome and hypophosphatemic 
rickets are examples of inherited nephropathies with 
similar phenotypes caused by X-linked, recessive, and 
dominant modes of inheritance. 


e A family history is important because many 
conditions once thought to be idiopathic or acquired 
may also be inherited. FSGS is an example of a 
glomerulopathy that can be idiopathic, or secondary 
to an acquired cause such as human 
immunodeficiency virus CHIV), or it can be inherited 
as autosomal recessive and autosomal dominant traits 
with mutations on different chromosomes. 

e Some of the hereditary nephropathies, for example 
FSGS, affect only the kidney. Others, such as 
Biedl-Bardet syndrome, may affect other organs 
(retinitis pigmentosa, post-axial polydactyly) in 
addition to the kidneys. 

e In many conditions there may be incomplete 
penetrance, such as polycystic kidney disease 
(PKD). A variable spectrum of involvement is 
common in PKD, but even more dramatic in 
tuberous sclerosis. For example, the kidneys in 
tuberous sclerosis may be affected by simple cyst, 
angiomyolipomas, polycystic disease, and renal 
cell tumors. 

e In some genetic syndromes, such as Denys-Drash 
syndrome and Frasier syndrome, the condition is 
the result of a germline mutation, and is rarely 
inherited. 

e Specific tests in presymptomatic individuals who are 
suspected of having a genetic condition must be 
undertaken with caution. It is important to ask 
whether presymptomatic diagnosis of a condition 
whose outcome cannot be affected by early diagnosis 
will benefit the individual, or have negative financial 
or psychological consequences. 

In all patients with renal diseases, the clinical history 
and physical examination must be thorough, renal 
disease must be considered in patients with syndromes, 
and a careful family history must be obtained in all 
patients with renal disease (Table 20-1). The cystic 
kidney diseases and the renal dysplasia syndromes are 
described in Chapters 28 and 29, respectively. 


Table 20-1 Inherited Nephropathies May Present 
with Discrete Renal Syndromes or 


Combinations of These Syndromes 


Syndrome Nephropathy 


The nephrotic syndrome Hypertension 


The nephritic syndrome Hematuria 

Hemolytic uremic syndrome Chronic renal failure 

Fanconi syndrome Rickets 

Failure to thrive Polydipsia, polyuria, and 
dehydration 


Metabolic alkalosis 
Cystic kidneys 


Metabolic acidosis 
Vesicoureteric reflux 
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NEPHROTIC SYNDROME 


The nephrotic syndrome can be inherited as an entity 
that only affects the kidneys: 
e Congenital nephrotic syndrome of the Finnish 

type (CNF) 
e FSGS 

Alternately, the nephrotic syndrome can be inherited 
as a part of a malformation syndrome: 
e Denys-Drash syndrome 
e Galloway-Mowat syndrome 
e Nail-patella syndrome 

The CNF typically presents with nephrotic syndrome 
at birth. Diffuse mesangial sclerosis (DMs), !> Denys-Drash 
syndrome,!? and Galloway-Mowat syndrome? rarely 
present with nephrotic syndrome during the neonatal 
period. 


Congenital Nephrotic Syndrome of 
the Finnish Type (CNF) 


Inheritance of CNF (also known as NPHS1) is auto- 
somal recessive, with a mutation on 19q12-q13.1. The 
mutated gene codes for a cell-surface podocyte protein 
called nephrin. Two mutations, Fin-major and Fin-minor, 
occur in over 90% of Finnish patients. !° CNF occurs in 
all population groups, but the highest prevalence is in 
Finland, with an incidence of 12.2 per 100,000 newborns. 
There is minor intrafamilial and interfamilial variability in 
the severity and age of onset of nephrotic syndrome. 
Proteinuria is detected within the first week of life in 
71% of cases, and by 2 months in all affected infants. The 
placenta is large, with a mean placenta:neonatal weight 
ratio of 0.43 (normal ratio of 0.18). The babies are often 
premature and small for gestational age. Maternal serum 
and amniotic fluid alpha-fetoprotein levels are elevated, 
and amniotic fluid concentrations of albumin may be 
increased. The kidneys are echodense and are symmetri- 
cally enlarged on ultrasonography. Proximal tubules are 
dilated in 74% of cases, and the glomeruli initially appear 
normal. Later changes are interstitial fibrosis, lympho- 
cytic and plasma cell infiltration, periglomerular fibrosis, 
and glomerular sclerosis. Ultrastructural studies show 
epithelial cell foot process effacement (Box 20-1).!° 

There are no typical dysmorphic features, but large 
anterior fontanels, limb deformations, pyloric stenosis, 
and pulmonic stenosis may occur. Affected babies have 
nephrotic syndrome complicated by failure to thrive, 
recurrent infections, and chronic renal failure (CRF). 
Early onset of hypertension and renal failure are uncom- 
mon. Renal vein thrombosis may occur in utero and 
postpartum. The nephrotic syndrome is resistant to treat- 
ment. Aggressive feeding by nasogastric or gastrostomy 
tubes may ensure weight gain. Massive edema is treated 
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Box 20-1 Finnish-Type Congenital 


Nephrotic Syndrome (CNF) 


NPHS1 
Nephrin 


Alternate name 
Gene product 
Inheritance Autosomal recessive 
Mutation Chromosome 19q12-q13.1 
Onset Birth to 3 months 

Clinical features Nephrotic syndrome 
Specific treatment Renal transplantation 


with intravenous albumin, and furosemide is added if 
the patient is not volume-depleted. Hypothyroidism is 
treated with thyroxin. Bilateral nephrectomy and dialysis 
are indicated if edema, volume depletion, and inanition 
cannot be controlled. The results of living-related renal 
transplantation are encouraging. CNF does not recur 
after transplantation, but a unique post-transplantation 
glomerular lesion resembling transplant glomerulopathy 
occurs in one-quarter of the patients and is resistant to 
treatment.!! 


Diffuse Mesangial Sclerosis (DMS) 


Most patients with DMS present with nephrotic 
syndrome and CRF between 3 and 6 months of life and 
are hypertensive; they can also present at birth and in 
the neonatal period (Box 20-2).!° There are no dys- 
morphic features unless the patient has Denys-Drash 
syndrome or Galloway-Mowat syndrome. The kidneys 
are enlarged and echodense. The renal lesion consists of 
mesangial sclerosis, collapsed tufts, embedded mesan- 
gial cells, thick glomerular basement membranes (GBM), 
and tubulointerstitial lesions. There is no specific treat- 
ment. Hypertension is treated with angiotensin-converting 
enzyme inhibitors, but often requires several additional 
agents. Treatment of DMS includes optimal calories, peri- 
toneal dialysis, and transplantation. DMS does not recur 
after transplantation. It is important to determine whether 
there is a mutation in the WT- gene on chromosome 
11p in order to rule out Denys-Drash syndrome. If that 
cannot be done, renal ultrasound examinations may be 


Box 20-2 Conditions Indicating the 
Presence of Diffuse Mesangial 


Sclerosis (DMS) 


e Sporadic DMS 

e Autosomal recessive inheritance 
¢ Denys-Drash syndrome 

e Galloway-Mowat syndrome 


Box 20-3 Denys—Drash Syndrome 


Combinations of: 

e Ambiguous genitalia - hypospadias, undescended 
testes !? 

Early-onset nephrotic syndrome 

Diffuse mesangial sclerosis 

Wilms’ tumor 

Zinc finger mutation on chromosome 11p 

Most patients die by 4 years of age unless 
transplanted 


warranted every few months to monitor for Wilms’ tumor, 
or both kidneys must be removed (Box 20-3). 


Galloway—Mowat Syndrome 


There is abnormal CNS development with micro- 
cephaly, wide sulci, abnormal gyral patterns, developmen- 
tal retardation, and seizures.? The nephrotic syndrome 
presents before the age of three years, and is unrespon- 
sive to treatment. Inheritance is autosomal recessive. 
Death usually occurs before 6 months of age. There are 
various renal abnormalities that include FSGS, DMS, and 
even minimal changes. 


Steroid-Responsive Nephrotic Syndrome 


Patients in some families with steroid-responsive 
nephrotic syndrome have autosomal recessive inheri- 
tance with a median age of onset of 3.4 years. Some 
familial cases link to chromosome 2p.!4 


Focal Segmental Glomerulosclerosis 
(FSGS)"’ 


Autosomal Recessive Disease 

There is early onset of nephrotic syndrome, resis- 
tance to corticosteroid therapy, and rapid progression 
to end-stage kidney failure. Most affected children have 
FSGS on renal biopsy, but some have minimal change 
disease. The gene for this podocytopathy maps to chro- 
mosome 1q25-31, and the responsible gene, NPHS2, 
encodes podocin, a membrane protein. NPHS2 muta- 
tions also occur in 20-30% of children with sporadic 
steroid-resistant nephrotic syndrome. 


Autosomal Dominant Disease 

Autosomal dominant forms of FSGS present later and 
are more slowly progressive than recessive forms. There 
are two loci that are responsible for a fraction of the 
cases of dominant FSGS. Mutations in o-actinin-4 gene 
(ACTN4) cause a slowly progressive disease with dominant 
inheritance, minimal proteinuria, and renal insufficiency. 
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Table 20-2 Genetic Causes of Focal Segmental Glomerulosclerosis (FSGS) 


FSGS Syndromes Locus Gene 
SRNS 1 1q25-q31 NPHS2 
Dominant FSGS 19q13 ACTN4 
Dominant FSGS 11q21-q22 

Frasier syndrome 11p13 WT! 


Product Inheritance 
Podocin Autosomal recessive 
o-actinin-4 Autosomal dominant 
Autosomal dominant 
WT1 Autosomal dominant 


SRNS = steroid-resistant nephrotic syndrome. 


The penetrance of ACTN4-associated disease is high; some 
individuals in these families have disease-associated muta- 
tions, but no proteinuria or renal insufficiency. Most 
families with autosomal dominant FSGS do not map to 
ACTN4. One family mapped to chromosome 11q, but a 
mutation has not been found in the remainder. 


Frasier Syndrome (FS) 

FS is a rare disease of male pseudohermaphroditism 
and progressive glomerulopathy. Patients with normal 
female external genitalia, streak gonads, and XY karyotype 
frequently develop a gonadoblastoma. Renal symptoms in 
children are proteinuria and nephrotic syndrome with 
FSGS, and progression to end-stage renal failure in adoles- 
cence or early adulthood. Unlike Denys-Drash syndrome, 
they do not have Wilms’ tumor. FS is caused by mutations 
in the donor splice site in intron 9 of WT-1 (Table 20-2).! 


Nail-Patella Syndrome (NPS)!” 


Inheritance of NPS is autosomal dominant. There is 
variable expression of dysplastic nails with absent lunae, 
absent or hypoplastic patellae, iliac horns, and elbow 
abnormalities (antecubital pterygium). There may be no 
renal manifestations; or there may be proteinuria and in 
some cases, nephrotic syndrome. The GBMs are abnor- 
mal. Fewer than 10% of NPS patients develop renal fail- 
ure,° and the overall risk of having renal disease is less 
than 25%. Neurological and vasomotor symptoms, and 
gastrointestinal symptoms are also part of the NPS 
phenotype. The mutation is on chromosome 9q34.1 and 


Box 20-4 Features of Nail-Patella 


Syndrome (NPS) 


Skeletal features 

e Absent or hypoplastic patellae, patella dislocations, 
elbow abnormalities, talipes, and iliac horns 

Kidney involvement 

¢ Proteinuria, chronic renal failure 

Eyes 

e Glaucoma 


the responsible gene is the Imx1b transcription factor 
(Box 20-4). 


GLOMERULONEPHRITIS 


Glomerulonephritis is defined by the occurrence of 
gross hematuria, proteinuria, red blood cell casts, oligo- 
anuria, hypertension, and azotemia in various combina- 
tions. Acute post-streptococcal infection is the most 
frequent cause of acquired acute glomerulonephritis. A 
similar syndrome can also be seen in IgA nephropathy, 
ANCA-positive vasculitis/pauci immune glomerulonephtri- 
tis, membranoproliferative glomerulonephritis, and lupus 
nephritis. Each of these conditions can be differentiated 
by specific tests and biopsy findings. However, it is impor- 
tant to note that Alport syndrome (hereditary nephritis) 
can present with a similar constellation of renal manifes- 
tations. Furthermore, IgA nephropathy,* MPGN and lupus 
nephritis may also be inherited in some cases. 


Alport Syndrome (AS)° 


Alport syndrome is a progressive, genetically heteroge- 
neous nephropathy associated with deafness and/or ocular 
lesions. The renal disease in X-linked AS is worse in males 
than females, and typically progresses to end-stage renal 
failure by the second decade of life. Renal manifestations 
range from microscopic hematuria with red blood cell 
casts to macroscopic hematuria, variable proteinuria, and 
azotemia. Most patients have sensorineural deafness. 
Ocular findings include corneal abrasions, anterior lenti- 
conus, and retinal flecks in the macular and mid-peripheral 
retina. The classical histopathologic changes in AS are 
laminated and basket-weave appearances of the GBMs. 
Carriers of X-linked disease have combinations of thin- 
ning and lamellation, while carriers of autosomal reces- 
sive disease have more widespread and more uniform 
thinning of the membrane and less lamellation. There is 
progressive glomerular sclerosis and tubulointerstitial 
damage. The Goodpasture antigen is identified with 
type IV collagen and is not detected in males, but may be 
present in affected females. Fewer than 5% of patients 
with AS develop anti-GBM nephritis in the allograft after 
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renal transplantation. IgG from patients with Goodpasture 
syndrome binds in vitro to normal GBM, but may not 
bind to the GBM of some patients with Alport syndrome. 
The mutation for the COL4A5 gene in X-linked AS is 
mapped to Xq22-q23. A molecular diagnosis of AS is diffi- 
cult because there is a wide phenotypic spectrum of 
collagen IV disorders with several underlying loci and 
mutational heterogeneity, especially in small families 
and sporadic cases. Therefore, a formal genetic analy- 
sis may not suggest what gene to study and what geno- 
type to expect (homozygous/genetic compound versus 
heterozygous). 

AS is usually the result of X-linked inheritance, but 
there are also patients with autosomal recessive and 
autosomal dominant inheritance of AS. There are at least 
two other syndromes with similar renal manifestations 
to AS but with additional features: the leiomyomatosis- 
nephropathy syndrome, and hereditary nephritis with 
giant platelets (Table 20-3). 


Leiomyomatosis-Nephropathy Syndrome® 


Patients with the leiomyomatosis-nephropathy 
syndrome have features of AS. This syndrome is the 
result of a contiguous gene syndrome due to deletions 
that disrupt the COL4A5 and COL4A6 genes. 


Hereditary Nephritis with Giant Platelets!® 


Epstein syndrome is an autosomal dominant disease 
characterized by nephritis, mild hearing loss, and throm- 
bocytopenia with giant platelets. The renal and hearing 
abnormalities are indistinguishable from those in an 
Alport-like variant that has been called Fechtner syndrome. 
Various combinations of nephritis, sensorineural deafness, 
congenital cataracts, macrothrombocytopenia, and Dohle- 
like leukocyte inclusions characterize the Fechtner 
syndrome. Renal disease ranges from microscopic hema- 
turia to end-stage renal failure. Epstein syndrome with 
macrothrombocytopenia is similar to that described in 
Fechtner syndrome, May-Hegglin anomaly, and Sebastian 
syndrome. These latter three platelet disorders are caused 
by mutations in the non-muscle heavy chain myosin IIA 
(MYH9). In Epstein syndrome, however, there are no 
inclusion bodies in the leukocytes. The clinical features of 
these syndromes and the chromosomal localization of 


Table 20-3 Mutations in Alport Syndrome 


Alport Syndrome Gene Locus 


X-linked 
Autosomal recessive 
Autosomal dominant 


Type IV collagen COL4A5 Xq22-q23 
COL4A3 or COL4A4 2q 
COL4A3 mutation 


the respective gene in the same region as MYH9 suggest 
that they are allelic with the other giant platelet disor- 
ders associated with mutations of non-muscle myosin IIA 
on chromosome 22q. 


Benign Familial Hematuria (BFH) 


This is a heterozygous condition, usually with persist- 
ent microhematuria and occasionally intermittent micro- 
hematuria. There are rare episodes of macroscopic 
hematuria. BFH with normal renal function cannot be 
differentiated clinically from the initial stages of Alport 
syndrome. In some cases there are mutations of either 
COL4A3 or COL4A4. BFH patients can be carriers of auto- 
somal recessive Alport syndrome. There is thinning of the 
GBM. There may also be autosomal dominant inheritance. 


Thin Glomerular Basement Membrane 
Disease (TBMD)” 


This is where things can get really difficult. For exam- 
ple, is TBMD really a specific disease, a normal variant, 
or a manifestation of many different conditions? Isolated 
microscopic hematuria in childhood of glomerular origin 
may occur in Alport syndrome, IgA nephropathy and 
benign familial hematuria. In a series of 322 children 
with persistent hematuria for over 6 months, the biopsy 
diagnoses were IgA nephropathy in 78 patients, Alport 
syndrome in 86 patients, TBMD in 50 patients, and no 
abnormalities in 48 patients. The following approach is 
suggested when diffuse thin GBM is found in a patient 
with isolated hematuria: a careful family history and 
dipstick examination of the parents’ urine. An audiogram 
and eye examination may be indicated, but DNA analysis 
is not recommended (Box 20-5). 


HEMOLYTIC UREMIC SYNDROME (HUS) 
AND THROMBOTIC THROMBO- 
CYTOPENIC PURPURA (TTP) 


Idiopathic (atypical or non-diarrhea-associated) 
HUS is a heterogeneous, distinct subgroup of the HUS. 
The epidemiological, clinical, laboratory, histological, and 
prognostic features of these patients differ from those with 
diarrhea-associated HUS. Some are hypocomplementemic 
with low Factor H concentrations and a pathogenesis 
that is linked to disorders. Treatment is often difficult 
because of severe hypertension and progressive renal 
failure and the possibility of recurrences. Plasmapheresis, 
although unproven, is still recommended. Post-transplant 
recurrences are frequent. Using a living-related kidney 
and calcineurin antagonists increases the chances of a 
recurrence, whereas pre-transplant nephrectomy may 
reduce recurrences. 


Box 20-5 Glomerular Basement 
Membrane (GBM) Thickness 


Varies in Children 


¢ 100 to 340 nm at 1 year of age 

* 190 to 440 nm >9 years of age 

e GBM is thinner in females than males 

¢ Thin basement membranes (TBMs) occur in 5.2-9.2% 
of the general population 

¢ Local normal ranges should be established 


Autosomal Recessive and Autosomal 
Dominant Inheritance of HUS 


The diagnosis of autosomal recessive or autosomal 
dominant HUS cannot be made without a positive family 
history, but must be suspected in patients with idio- 
pathic HUS, especially if there is hypocomplementemia 
and a Factor H deficiency.!* In the recessive form there 
are no recognized precipitating events, and no sex or 
race preferences. Most affected individuals are infants 
and children. In occasional patients there may be 
complete resolution, in some there may be several 
episodes of HUS, and HUS may recur before and/or after 
renal transplantation. Pregnancy may be a precipitating 
event in the dominant form in which adults are affected 
more often than children; there is no sex or race prefer- 
ence. Complete recovery is uncommon. In inherited 
forms of HUS with Factor H deficiency there is linkage to 
the Factor H locus on chromosome 1. There is no 
specific treatment, but fresh-frozen plasma infusions and 
plasmapheresis are indicated for inherited cases. The 
prognosis for renal survival is poor. The timing of a renal 
transplant presents problems, but it is advisable to wait 
for 6 to 12 months between the occurrence of HUS and 
the transplant. The patient must be free from all 
evidence of active disease. Although the use of a 
living-related donor presents a problem, there are no 
definite guidelines. There are also no hard data available 
in regard to the use of cyclosporine A or oral contracep- 
tives. Pregnancy may increase the likelihood of recur- 
rences. Genetic counseling is particularly difficult if the 
patient is the first affected individual in the family. 


Thrombotic Thrombocytopenic 
Purpura (TTP) 


Perturbations in the function of von Willebrand factor 
(VWF) proteases are the cause of TTP.!? Patients with 
acute TTP appear to have an acquired disease with 
severe deficiency of vWF-cleaving protease caused by 
IgG antibodies directed against the protease. This defi- 
ciency is not detected in TTP patients in remission. 
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Auto-antibodies to the VWF metalloproteinase occur 
in patients with ticlopidine- and clopidogrel-associated 
TTP. Patients with familial forms of TTP have a constitu- 
tional lack of the vWF-cleaving protease, ADAMTS13, 
caused by genetic mutations. 


TUBULOINTERSTITIAL DISEASE 


Nephronophthisis* 


Growth retardation, anemia, polyuria and polydip- 
sia, isosthenuria, and potential death from uremia by 
4 to 15 years of age characterize familial juvenile 
nephronophthisis (FJN). The urinalysis is bland, and 
there is usually no hypertension or proteinuria. There is 
symmetrical destruction of the kidneys with interstitial 
cell infiltrates and tubular cell atrophy with cysts aris- 
ing from the corticomedullary junction. In addition, 
there are interstitial fibrosis and hyalinized glomeruli. 
Inheritance is autosomal recessive with a mutated gene, 
nephrocystin, on chromosome 2q13. There are, however, 
several additional similar syndromes (Table 20-4). 
Furthermore, nephronophthisis may be associated with 
retinal aplasia (Senior-Loken syndrome); cerebellar 
ataxia, skeletal abnormalities, and cone-shaped epiphy- 
ses (Mainzer syndrome); congenital hepatic fibrosis 
(Boichis syndrome). Nephronophthisis may also be asso- 
ciated with retinal dystrophy and bilateral sensorineural 
hearing loss. 


Biedl—Bardet Syndrome (BBS) 


BBS is characterized by mental retardation, retinitis 
pigmentosa, post-axial polydactyly, obesity, hypogenital- 
ism, and renal disease.” All patients have some abnor- 
mality in renal structure, function, or both. Most have 
minor functional abnormalities and radiological appear- 
ances of calyceal clubbing or blunting, calyceal cysts or 
diverticuli. The spectrum of renal lesions ranges from 
mesangial tissue proliferation to glomerular sclerosis, 
interstitial scarring, and medullary and cortical cyst 
formation. Many patients have hypertension, and about 
10% progress to end-stage renal disease hemodialysis. 
Patients with BBS have an increased risk for diabetes 


Table 20-4 Classification of Nephronophthisis 


Syndrome Locus 
NPHP1 Juvenile nephronophthisis 2q13 
NPHP2 Infantile nephronophthisis 9q22-31 
NPHP3 Adolescent nephronophthisis 3q21-22 


NPHP4 and Senior-Loken syndrome 1p36 
Autosomal dominant medullary cystic kidney disease 
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mellitus and congenital heart disease. BBS maps to at least 
six loci: 11q13 (BBS1), 16q21 (BBS2), 3p13-p12 (BBS3), 
15q22.3-q23 (BBS4), 2q31 (BBSS5), and 20p12 (BBS6). 
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INTRODUCTION 


The nephrotic syndrome is characterized by edema, 
proteinuria, hypoalbuminemia, and hyperlipidemia. 
The designation minimal-change nephrotic syndrome 
(MCNS) derives from histopathologic findings of no 
discernible abnormalities on light microscopy and no 
immune deposits. By electron microscopy, however, 
effacement and retraction of podocyte foot processes 
are seen. Because few patients with presumed MCNS 
are biopsied, and an objective description of ‘minimal’ 
is difficult, steroid-sensitive and steroid-responsive 
nephrotic syndrome more accurately describe the clini- 
cal condition. MCNS occurs mainly in children. Patients 
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present with edema after an ill-defined ‘upper respiratory 
tract infection’, without gross hematuria, or azotemia. 
MCNS usually responds to corticosteroid treatment, tends 
to run a relapsing and remitting course, and rarely 
progresses to end-stage renal failure. Definitions of remis- 
sion, relapse, and steroid responses are shown in Box 21-1. 


EPIDEMIOLOGY 


MCNS occurs mainly between the ages of 2 and 
8 years, with a peak at 3 years, and accounts for 60-90% 
of nephrotic syndrome in children. The incidence is 2 
to 7 per 100,000, and the prevalence is 15 per 100,000 
children under the age of 16 years.!> MCNS is uncommon 


Box 21-1 Definitions of Response to 
Treatment for Minimal-Change 


Nephrotic Syndrome (MCNS) 


Remission Negative or trace urine on 
dipstick tests for at least 3 days 
Relapse 2+ proteinuria for 3 days in a 


previously negative child 
Two relapses within 6 months, or 
three relapses in 1 year 
Disappearance of proteinuria 
within 8 weeks of starting 
corticosteroids 
Failure to induce remission in 
8 weeks using conventional 
doses of corticosteroids 
Relapse while trying to wean from 
corticosteroids or within 
2 weeks of discontinuing 
corticosteroids 


Frequent relapser 


Steroid-responsive 


Steroid-resistant 


Steroid-dependent 
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Agents and Conditions 


Associated with MCNS 


Drugs Gold, penicillamine, ampicillin, 
mercury, non-steroidal anti- 
inflammatory drugs, lithium, 
trimethadione, paramethadione 

Pollen, milk, pork, house dust, 
bee stings 

Hodgkin disease, non-Hodgkin 
lymphoma, Kimura disease, renal 
oncocytoma, embryonal cell tumors, 
bronchogenic carcinoma 

Viral, schistosomiasis, Guillain-Barré 
syndrome 

Dermatitis herpetiformis, 
melorheostosis, contact dermatitis 


Allergies 


Tumors 


Infections 
Skin disorders 


Myasthenia 
gravis 


under 12 months, and rare under 6 months of age. Boys 
are twice as often affected as girls, and the incidence is 
greater in white and East Asian than in black children. 
The incidence of MCNS in families is 3.35%. Siblings are 
affected more often than a parent or child. The presen- 
tation and course are similar within families. Many 
agents and conditions are associated with MCNS; 
however, there are no proven causes. The most convinc- 
ing are non-steroidal anti-inflammatory drugs (NSAIDs), 
lithium, and Hodgkin lymphoma (Box 21-2). 

Allergens are implicated in the pathogenesis of 
MCNS, and there is a higher prevalence of asthma and 
eczema in patients and their first-degree relatives than in 
the general population. MCNS may be linked with the 
major histocompatability complex, but the evidence 
is weak and many of the proposed associations are 
inconsistent. 


PATHOGENESIS 


Immunopathophysiology 


The association with atopy and specific antigenic 
challenges suggests an immunologic basis, but the 
pathogenesis of MCNS is obscure. T cells are thought to 
produce a circulating glomerulotoxic lymphokine, but 
none of the many immunologic abnormalities identified 
in MCNS actually causes the syndrome (Table 21-1). 


Humoral Immunity 


Patients are prone to infections, in part because of 
decreased serum IgG and IgA levels. In contrast, IgM and 


Table 21-1 Immunologic Abnormalities in MCNS 


Defects in innate 
immunity 


Decreased alternate complement factors 
B and D 

Decreased opsonization 

Defects in specific Abnormal humoral immunity 
immunity Circulating immune complexes 

Decreased immunoglobulin production 

Altered immunoglobulin levels 

Decreased titers of specific antibodies 


Abnormal cell-mediated immunity 
Decreased delayed hypersensitivity reactions 
Decreased proliferative responses to mitogens 
Circulating suppressor lymphokines 
Increased suppressor cell activity 


IgE levels are elevated. Decreased serum IgG and IgA and 
increased IgM levels during relapse normalize in remis- 
sion. B cells from patients with MCNS show impaired 
immunoglobulin synthesis in response to antigens. There 
are also lower titers of circulating antibodies to strep- 
tococcal and pneumococcal antigens than in equally 
nephrotic patients with other glomerular lesions. 
Responses to hepatitis B vaccine are suboptimal. 
Complement activation and immune complex formation 
do not have a role in the pathogenesis of MCNS. 


Cellular Immunity 


In MCNS, the delayed-type hypersensitivity response 
is decreased.'4 During relapse, the T cells show signs 
of activation with increased production of interleukin 
CL)-1 and IL-2 and IL-13. The latter is an important T-cell 
cytokine with anti-inflammatory and immunomodulatory 
functions on B cells and monocytes. IL-13 may stimulate 
the monocytes’ production of a vascular permeability 
factor that induces proteinuria. T cells may be important 
in NSAID-associated MCNS in which there is a marked 
interstitial infiltrate of T cells. Activated T cells in the 
interstitium may elaborate cytokines that enhance 
glomerular permeability. Many circulating factors are 
thought to be present in MCNS (Table 21-2). 


Glomerular Pathophysiology 


Glomerular capillaries have high-capacity ultrafiltration 
membranes with low resistance to water flow, in addi- 
tion to size- and charge-selective filtration barriers that 
impede the passage of proteins. Transport of polyanions 
and facilitated filtration of polycations across the glomeru- 
lar capillary wall are restricted. This suggests that the 
normal anionic charge barrier is perturbed in MCNS by 
as much as 50%. Charge selectivity is mainly due to highly 
sulfated sialoglycoproteins, such as heparan sulfate proteo- 
glycan, in the glomerular basement membrane (GBM) 


Table 21-2 Presumed Circulating Factors in MCNS 


Factor Source 


Vascular permeability factor Media from stimulated MCNS 


(VPF) lymphocytes 

Vascular endothelial growth Tumor cells, macrophages 
factor (VEGF) 

Glomerular permeability Media from T-cell hybridomas 
factor (GPF) 

Soluble immune response Sera from patients with MCNS 
factor (SIRS) 

Sulfate turnover factor Media from stimulated MCNS 
substance lymphocytes 

IL-8 Sera from patients with MCNS 

Hemopexin Sera from patients with MCNS 


and on the surface of endothelial and visceral epithelial 
cells. The charge barrier may be responsible for the rela- 
tive impermeability of the GBM to anionic albumin, 
despite its relatively small molecular size. Alterations in 
GBM charge may be due to enzymes elaborated by 
mononuclear cells, or it may be due to circulating highly 
cationic substances that have not been characterized. 
Size selectivity is impaired, and foot process effacement 
may account for the observed decrease in pore density. 
Changes in foot processes may be related, in part, to a 
reduction in adhesion proteins anchoring and stabilizing 
podocytes on the GBM. Changes in nephrin distribution 
on podocytes in MCNS may be secondary to a compo- 
nent of proteinuria rather than a primary cause of MCNS. 


CLINICAL FEATURES 


Clinically, the patient looks miserable and complains 
of fatigue and general malaise. Edema onset is insidious 
or rapid, and at first is periorbital in the mornings. 

The severity and extent of the edema initially fluctu- 
ates. During the day, the periorbital swelling decreases 
and ankle swelling becomes more apparent. There is 
increasing swelling of the sacral region, genitalia, and 
abdomen. Severe edema may lead to breakdown of skin 
and infection. Ascites and/or pleural effusions may cause 
tachypnea or dyspnea. Ascites also causes a markedly 
protuberant abdomen and, in some cases, umbilical and 
inguinal hernias. There may be reduced appetite, colicky 
abdominal pain, and diarrhea or bulky stools (Box 21-3). 

Volume status is assessed by the pulse rate, state of 
hydration, and orthostatic changes in blood pressure 
(Box 21-4). 

Soft ear cartilages, lusterless hair, and white trans- 
verse bands in the nail beds are all consequences of 
chronic hypoproteinemia. Mild hypertension occurs in 
95% of children prior to corticosteroid treatment, and in 
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Box 21-3 Abdominal Pain in MCNS 


Pain caused by MCNS Intestinal wall edema 
Primary peritonitis 
Gastric irritation 
Peptic ulcer 

Acute pancreatitis 
Acute appendicitis 


Acute pyelonephritis 


Pain caused by corticosteroids 


Pain not caused by MCNS or 
its treatment 


19% after remission. Hypertension is occasionally a pres- 
sor response to volume depletion, and blood pressure 
may normalize with volume expansion. However, hyper- 
tension is attributed mainly to hypervolemia or loss of 
antihypertensive substance(s) in the urine. Hypertensive 
encephalopathy is uncommon and, when it occurs, is 
the result of corticosteroid treatment. In MCNS, there is 
oliguria and the urine is foamy and concentrated; gross 
hematuria is uncommon. 


LABORATORY FINDINGS 


There are numerous biochemical abnormalities in 
MCNS. These are the consequences of large urinary 
losses of albumin and other proteins and of compensa- 
tory mechanisms, such as sodium and water retention. 
The serum albumin concentration is usually less than 
2.4 g/dl. The serum albumin concentration, urine protein 
excretion, and severity of edema are not correlated with 
each other. There are many lipid derangements, but the 
hallmark of the syndrome is hypercholesterolemia. 
Hyperlipidemia occurs during episodes of MCNS, and 
persists for months after corticosteroids are stopped. 
The serum sodium concentration is often decreased as a 
result of free water retention or, less often, because of 
prolonged sodium restriction, and rarely as a result of 
acquired adrenal insufficiency. Thrombocytosis can spuri- 
ously elevate the measured serum potassium concentra- 
tion by the in-vitro release of potassium. Serum calcium 
concentrations are decreased as a consequence of 


Box 21-4 Hypovolemia in MCNS!? 


Hypovolemia can occur in the acute phase of MCNS 
Hypovolemia is usually associated with 
hemoconcentration and abdominal pain 

Elevated hemoglobin and hyponatremia are the best 
indicators of hypovolemia 

Consider primary peritonitis and hypovolemia in a 
child with MCNS and abdominal pain 
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hypoalbuminemia and urinary losses of 25-hydroxychole- 
calciferol binding-protein. Serum creatinine concentra- 
tions and blood urea nitrogen (BUN) levels are transiently 
increased in one-third of patients at presentation. The 
hematocrit is often increased as a result of intravascular 
volume depletion, and the white cell count and differ- 
ential are normal. The erythrocyte sedimentation rate is 
markedly elevated. 

Protein excretion is greater than 4 mg/m?/hour during 
an episode of MCNS. The standard method for determin- 
ing the magnitude of proteinuria is to collect urine for 
24 hours. However, this is often difficult to do in incon- 
tinent children, collection errors are frequent, there is an 
inherent time delay, and it is difficult to do at home. 
Urine protein is more easily measured by the dipstick 
method and by the urine protein:creatinine ratio (Up.c) 
in an early-morning sample. The dipstick test detects 
albumin, and is less sensitive for low molecular-weight 
proteins, immunoglobulins, and Bence-Jones protein. 
Errors arise if the effect of dilution of the urine is 
ignored, and therefore the test is best done on a concen- 
trated early-morning specimen. In MCNS the dipstick 
measurement is 4+ (>2000 mg/dl), and the Up.c value is 
above 1.0. 


PATHOGENESIS OF METABOLIC 
DERANGEMENTS 


The serum albumin concentration is the result of a 
balance between the rate of hepatic synthesis of albumin 
and the rate of catabolism plus the quantities lost in urine 
and stool. Edema is the result of an abnormal collection 
of fluid in interstitial tissues, but the mechanisms under- 
lying the production and maintenance of nephrotic 
edema are not fully understood.!3 The nephrotic state is 
dynamic, and different results are obtained because not 
all studies are conducted at similar stages of the disease. 
Hypoalbuminemia per se may not be the crucial factor 
because edema does not occur in congenital analbu- 
minemia, or in all cases of nephrotic syndrome. In MCNS, 
edema occurs when the serum albumin concentration 
falls to less than 2.0 g/dl, and ascites and pleural effu- 
sions develop below a level of 1.5 g/dl. A reduction 
in intravascular volume results in a decrease in intra- 
glomerular hydraulic pressure, activation of vasocon- 
strictor mechanisms, and increased efferent arteriolar 
constriction in an effort to maintain the glomerular filtra- 
tion rate (GFR). Renal salt and water excretion are 
impaired in nephrotic syndrome. !° Volume depletion 
may cause enhanced proximal tubular sodium retention 
for restoration of intravascular volume and GFR. In circum- 
stances in which plasma volume is normal or increased, 
sodium reabsorption may occur in the more distal part 
of the nephron. 


Increased plasma renin activity (PRA) and plasma aldos- 
terone occur more frequently in MCNS than in other forms 
of nephrotic syndrome. Arginine vasopressin (AVP) levels 
are increased during edema formation and return to basal 
levels in remission. 

Hyperlipidemia is the result of increased hepatic 
synthesis of beta-lipoprotein as a result of loss of high- 
density lipoprotein (HDL) cholesterol and an unidenti- 
fied substance in the urine, as well as decreased portal 
vein oncotic pressure. Hypercholesterolemia is almost 
always a component of MCNS, whereas hypertriglyc- 
eridemia occurs with marked reductions in serum albu- 
min concentrations. Cholesterol synthesis is increased, 
and the serum concentration is inversely related to 
albumin and oncotic pressure, and correlates with renal 
albumin clearance. Serum cholesterol levels gradually 
normalize months after with remission of MCNS. 
Patients with MCNS are at risk for venous thromboses, 
but none of the coagulation abnormalities (Box 21-5) 
correlates directly with a risk for thrombosis. 

The serum total calcium level decreases by 0.2 mg/dl 
for every 1 g/dl decrease in serum albumin concentra- 
tion. Some patients have low serum ionized calcium 
concentrations that are out of proportion to the degree 


Box 21-5 Coagulation Abnormalities 


Platelets 
Increased in-vitro platelet aggregability 
Increased platelet adhesion 
Thrombocytosis 

Red blood cells 
Reduced erythrocyte deformability 
Increased plasma viscosity 

Blood volume 
Volume depletion 

Endothelial factors 
Increased von Willebrand factor 
Lysolecithin-enriched LDL impairs nitric oxide 
production 

Hyperfibrinogenemia and increased thrombin 
formation 
Fibrin deposition 
Increased alpha 2-macroglobulin 
Normal/increased total antithrombolytic activity 
Decreased free protein S 
Functional protein C deficiency 

Decreased fibrinolysis 
Decreased plasminogen 
Increased o-2-antiplasmin prevents plasmin-fibrin 
binding 
Reduced plasminogen-fibrin binding 

Urine losses 
Procoagulant and anticoagulant factors 
Antithrombin 3 


Box 21-6 Causes of Bone Disease 


in MCNS 


Minimal-Change Nephrotic Syndrome 167 


Box 21-7 Potential Complications 
of MCNS 


e Related to age of onset, duration of illness, frequency 
of relapses 

e Perturbations in the vitamin D-parathyroid hormone 
axis 

e Corticosteroids 


of hypoalbuminemia, increased parathyroid hormone 
(PTH) levels, and bone disease. The vitamin-D binding 
protein (DBP) that transports 25-hydroxycholecalciferol 
is lost in the urine, and plasma levels of 1,25-dihydroxy- 
cholecalciferol are normal or decreased (Box 21-6). 

In children with MCNS there are urinary losses of 
thyroid-binding globulin (TBG) and thyroxine (T¥). 
Although serum TBG and T4 concentrations are low and 
thyroid-stimulating hormone (TSH) levels are high, these 
patients do not have hypothyroidism. Increased urinary 
loss of ceruloplasmin can cause hypocuprinemia; loss 
of transferrin can result in anemia; and loss of albumin 
results in low zinc levels because two-thirds of the circu- 
lating zinc is bound to albumin. Zinc deficiency may 
contribute to growth retardation, immune dysfunction, 
and delayed wound healing. Additional losses of protein 
may occur as a result of protein-losing enteropathy and 
lymphangiectasia in MCNS. 


COMPLICATIONS 


Patients with MCNS are at increased risk for measles, 
varicella, and primary peritonitis with encapsulated organ- 
isms such as S. pneumoniae. The risk of infection is 
increased by reduced immunity, ascites, and immuno- 
suppressive treatment. Edema and malnutrition may split 
the skin and predispose patients to cellulitis. Venous and 
arterial thromboses occur in under 5% of cases, and 
subclinical pulmonary emboli were detected in 28% of 
children with MCNS by radionucleotide perfusion stud- 
ies. Acute renal vein thrombosis can present with flank 
pain and macroscopic hematuria; hypertension and 
azotemia may be mild. Treatment is with intravenous 
heparin followed by coumarin, possibly for many years. 
Thrombolytic agents lyse clots faster and more completely 
with less likelihood of re-thrombosis. Chronic renal vein 
thrombosis is usually asymptomatic. By ultrasonography, 
the kidney is found to be small, and collateral vessels are 
seen with renal venography. Renal venography is indi- 
cated if there is rapid unexplained deterioration in renal 
function, acute flank pain, macroscopic hematuria, pleu- 
ritic chest pain, or other symptoms suggestive of throm- 
boembolism. Acute renal failure (ARF) is an uncommon 


e Infections 

¢ Thrombosis (venous or arterial) 

e Protein-losing enteropathy 

¢ Hyponatremia/hypocalcemia/hypokalemia/ 
hypomagnesemia 

e Acute renal failure 

e Growth retardation 

e Malnutrition 

¢ Hypothyroidism, trace metal deficiency 

e Coronary artery disease 

Focal segmental glomerulosclerosis 

Chronic renal failure 


complication of MCNS that may occur as a result of 
severe intravascular volume depletion, bilateral renal 
vein thrombosis, pyelonephritis, or medications. Acute 
tubular necrosis is rare in children. ARF usually responds 
to aggressive therapy with diuretics or corticosteroids. 
Some patients with ARF may require dialysis, but recov- 
ery is usually complete. There are few reports of athero- 
sclerosis and ischemic heart disease in children with 
MCNS. FSGS may occur subsequently in a small number 
of patients who previously responded to corticosteroid 
therapy. Chronic renal failure does not occur in patients 
with MCNS unless they have developed focal segmental 
glomerulosclerosis (FSGS) (Box 21-7). 


PATHOLOGY 


Light Microscopy 


Glomeruli appear normal (or nearly so) by light 
microscopy. The mesangium is considered to be normal 
if there are two or fewer cells, expanded if there are 
three cells, and proliferative if there are four or more cells. 
Mesangial proliferation in the context of MCNS may not 
be a discrete entity, although these patients are more 
likely to be corticosteroid-resistant.? Even one glomeru- 
lus with FSGS portends a more severe prognosis with 
corticosteroid resistance and progressive azotemia. 


Immunofluorescent and Electron 
Microscopy 


Immunofluorescent stains are usually negative for 
immunoglobulins and complement. Mesangial deposits of 
IgM with mesangial expansion are seen in a few patients 
with corticosteroid-dependent nephrotic syndrome. 

Electron microscopy shows effacement, retraction and 
vacuolization of epithelial foot processes. These reversible 
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phenomena occur in association with proteinuria, are 
not specific for MCNS, and can persist for months after 
cessation of proteinuria. 


MANAGEMENT 


General Management 


The objectives of treatment are to induce a remission 
as soon as possible in order to reduce the complications 
of untreated nephrotic syndrome, to minimize medica- 
tion side effects, and to provide psychosocial support. 
We admit the child to hospital when first diagnosed 
for evaluation, treatment, counseling, and education. 
Pertinent information is provided and repeated at follow- 
up visits. Parents and patients are taught how to monitor 
the condition, and they are provided with an invaluable 
illustrative booklet. The potential side effects of corti- 
costeroids are explained in detail. Growth in steroid- 
resistant nephrotic syndrome is mainly affected by the 
cumulative doses of corticosteroids. 

Hypovolemia is corrected with infusions of saline, 
plasma, or 5% albumin.!? A sodium-restricted diet of 
1-2 g per day reduces edema formation and minimizes 
the risk of hypertension while on corticosteroids. Protein 
intake should be in keeping with the recommended 
daily allowance; a diet which is high in protein is of 
no benefit. Low-protein diets may reduce albuminuria 
but can cause malnutrition. Corticosteroids increase the 
appetite, and calorie intake must be controlled to reduce 
the likelihood of obesity. Diuretics may be needed in 
some cases for severe edema, but considerable caution 
must be exercised, because it is easy to cause hypo- 
volemia and azotemia once a diuresis begins. 

Angiotensin-converting enzyme (ACE) inhibitors and 
angiotensin receptor blockers (ARBs) are prescribed for 
patients with refractory proteinuria who fail to respond 
to other therapies.’ ACE inhibitors and ARBs block the 
local production and binding of angiotensin II that may 
contribute to the permeability/selectivity defect. They 
also affect the size-selective properties of the glomerular 
capillary wall. 


Infections and Immunization 


A purified protein derivative (PPD) must be placed 
before starting treatment with corticosteroids. Varicella 
infection can cause serious problems in patients receiv- 
ing corticosteroids or alkylating agents, who must be 
treated as shown in Box 21-8. 

Patients who develop varicella or shingles are treated 
with acyclovir if they are on high doses of corticos- 
teroids or on an alkylating agent. If exposure to measles 
occurs, the patient’s immune status is checked, quarantine 


Box 21-8 Treatment of Varicella 
Exposure During the Previous 


96 Hours 


e Indications for treatment of a patient on high doses 
of prednisone >20 mg/m? or an alkylating agent: 
e No previous varicella or no serum antibody titers to 
varicella 
e Dose of varicella zoster immune globulin: 
e 125 units/10 kg body weight to a maximum of 
625 units 


measures are instituted, and gamma-globulin is adminis- 
tered. Primary peritonitis is a serious complication that 
must be treated expeditiously (Box 21-9). Cellulitis is 
managed in the same way as peritonitis. 

There are no criteria for the use of intravenous 
immunoglobulin. Recommendations include IgG levels 
under 600 mg/dl in adults, low natural antibody levels, 
poor response to vaccine, and no protective antibody 
against the infecting organism. Desensitization, disodium 
cromoglycate, and an oligoantigenic diet are ineffective 
forms of therapy. 


Glucocorticoids 


Corticosteroids (prednisone and prednisolone) remain 
the treatment of choice for MCNS, despite their side effects 
and their inability to cure the condition (Figure 21-1). An 
initial high daily dose of corticosteroids is required to 
achieve remission. 

Typical corticosteroid regimens include: 

1. The modified International Study of Kidney 
Disease in Children (SKDC) regimen. Prednisone 
in a dose of 60 mg/m? (to a maximum of 


Box 21-9 Peritonitis in MCNS® 


Peritonitis is characterized by abdominal pain (98%), 

fever (95%), rebound tenderness (85%), and nausea 

and vomiting (71%) 

Most patients are in relapse or on corticosteroid 

therapy when peritonitis is diagnosed 

e Infiltrates are visible on chest radiographs in many 
cases 

e Antimicrobial therapy should be started in nephrotic 
children with suspected peritonitis 

e Use a combination of penicillin plus an 

aminoglycoside or a cephalosporin 

This regimen should continue until culture results are 

available 

Penicillin is sufficient if Gram-positive diplococci are 

identified in a peritoneal fluid specimen 


Presumed MCNS 


Oral glucocorticoids 


Remission 


Oral glucocorticoids until protein-free for 3 days 


Taper steroids 


Remission 


Frequent relapses 


Steroid dependent or resistant 


Repeat oral cyclophosphamide or 
give IV course of methylprednisolone 


Consider calcineurin inhibitor therapy 


Figure 21-1 


80 mg/day in children) for 4 weeks followed by 
40 mg/m? every second morning for another 

4 weeks. The median time from starting treatment 
to remission is 2 weeks; 95% of patients are in 
remission by the end of 8 weeks. Urine should be 
checked for albumin every morning by dipstick 
testing until the nephrotic syndrome has remitted. 

2. Prednisone at a dose of 2 mg/kg ideal body weight, 
to a maximum of 80 mg/day, or 60 mg/m?/day, 
until the urine is protein-free for 3 days. Once in 
remission, the dose is reduced to 40 mg/m? every 
second morning for 4 weeks. 

3. A longer initial course of corticosteroid therapy for 
6 weeks. This has not been proven to induce a 
more prolonged initial remission, and may cause 
more side effects. 

If there is no response by 4 weeks the child is consid- 
ered to be steroid-resistant. About 80% of patients relapse 
at least once, 50% have frequent relapses but remain 
steroid-responsive, and the remainder becomes steroid- 
dependent. 18 Age, sex, and race as independent variables, 
do not predict relapses in the first year. However, patients 
were more likely to be infrequent relapsers if they did 
not have hematuria and remitted within a week of onset 


No response after 4 weeks 


Taper steroids 


Oral cyclophosphamide 
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Treatment cycle for minimal-change nephrotic syndrome (MCNS). 


of therapy.!° Relapses become less frequent in children as 
they grow older, and most ‘outgrow’ the condition after 
puberty. Corticosteroid-dependence and resistance are 
more common in patients who relapse within 3 months 
of the first remission. The first three relapses are managed 
in the same way as the first episode. Subsequent relapses 
are treated with more prolonged doses of prednisone 
every second morning for 6 months at a dose of 0.1 to 
0.5 mg/kg, after which the dose is gradually tapered.®!7 


Alkylating Agents 

Alkylating agents can induce prolonged remissions, 
but are used judiciously because of their potential side 
effects. The peripheral blood counts must be monitored 
regularly because of leukopenia. The drug is stopped tran- 
siently if the white blood cell count is >4000 per ml. 
The risk of gonadal toxicity is greatest in postpubertal 
males. Azoospermia may occur after a cumulative dose 
of 300 mg/kg for cyclophosphamide and 10 mg/kg for 
chlorambucil.* Doses of cyclophosphamide of 2.5 mg/ 
kg/day for 8-12 weeks usually do not cause alopecia 
or hemorrhagic cystitis.'1! Leukemia is a rare compli- 
cation. Patients are at risk for developing disseminated 
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varicella while receiving an alkylating agent if they 
have not previously had varicella or a vaccine. Less 
frequent complications are nausea, anorexia, and hyper- 
pigmentation. Chlorambucil can cause seizures,’ and 
there is no evidence that it is more effective than 
cyclophosphamide.?* 

Longer courses of alkylating agent therapy have a 
greater likelihood of prolonged remission, and also of 
side effects. A short course has little benefit because only 
one-third of children with frequently relapsing nephrotic 
syndrome remain in remission after 1 year if given 
cyclophosphamide for less than 6 weeks; two-thirds 
remain in remission for more than 2 years after 12 weeks 
of therapy. Remission is not as well maintained with 
steroid-dependent nephrotic syndrome (SDNS). The 
current practice is to prescribe 2.5-3 mg/kg for an 8- to 
12-week period after remission is induced with corticos- 
teroids. After cyclophosphamide is started, steroid doses 
are tapered gradually and stopped at 4-6 weeks after the 
course of cyclophosphamide is completed. 


Calcineurin Inhibitors 


Calcineurin inhibitors (cyclosporine and tacrolimus) 
are used to treat steroid-dependent nephrotic syndrome 
if there are serious side effects of corticosteroids and 
failure to respond to cyclophosphamide.!? A kidney 
biopsy should be performed before starting and after 
completing a course of a calcineurin inhibitor because 
it may cause interstitial fibrosis. Contraindications to 
calcineurin inhibitors treatment are renal insufficiency, 
severe hypertension, and chronic tubulointerstitial 
changes. Calcineurin inhibitors are stopped if there is no 
response by 4 months. The plasma creatinine level, blood 
pressure, and serum calcineurin level must be monitored 
regularly. The dose is reduced if the serum creatinine 
concentration increases by more than 30% above the 
basal level. The maintenance dose is the lowest effective 
dose. The calcineurin inhibitors can be tapered and 
stopped after 1 to 2 years to see if the patient remains in 
remission. Many patients relapse when the calcineurin 
inhibitors are tapered or stopped, and they tend to 
respond less well to a second course of the calcineurin 
inhibitor. 

Controlled studies are required to evaluate the potential 
value of mycophenolate mofital. Azathioprine, levamisole, 
vincristine, quinolones, mizoribine, sodium cromoglycate, 
and immunoglobulin infusions are not effective treatments 
of MCNS. 


OUTCOME 


Antibiotics substantially reduce the mortality rate 
in MCNS, and corticosteroid therapy induces remissions 


and prevents relapses. Few children die from compli- 
cations of MCNS or of its treatment. Thrombosis, 
sepsis, ARF, and cardiovascular disease may result in 
death. In children who present before the age of 
6 years, the incidence of relapses beyond 18 years of 
age is 5.5%. Untreated proteinuria, in the absence 
of massive edema, does not always result in an unfavor- 
able outcome. 


MAJOR POINTS 


¢ “Few diseases tax the resources of the practitioner so 
extensively as the nephrotic syndrome. He must be a 
combination of infectious disease expert, nutritionist, 
physiologist, and psychiatrist for the patient and, 
above all, guide counselor and friend to the parents, 
who have to live day in and day out, for two or 
three years with a child who eats poorly and often 
has periods of irritability or depression, who 
Srequently vomits or has diarrhea, whose 
appearance may become grotesque at times, and 
who may become desperately sick with peritonitis 
and bacteremia at any moment. On the other hand, 
the satisfaction of seeing a patient restored to 
normal health after several years of edema is well 
worth the time and patience required.” Barness 
Onset of nephrotic syndrome may herald an 
underlying malignancy, may remit with treatment of 
the tumor, and may relapse with tumor recurrence. 
Edema is frequently misdiagnosed as ‘an allergy’ and 
is often treated inappropriately with antihistamines. 
e Urine protein must be checked by a dipstick test in 
any child with periorbital edema. 
The total daily protein excretion can be derived by 
multiplying the Up.c value by 0.633. 
¢ One-quarter of children with MCNS have microscopic 
hematuria at the time of diagnosis. 
MCNS induces anxiety in patients and parents 
because of uncertain etiology, a high likelihood of 
recurrence, fear of end-stage renal failure, and dislike 
of corticosteroids. 
Anticipate hypovolemia patients who have any of the 
following: 
e Peritonitis 
e Marked edema 
¢ Diarrhea or vomiting 
e Diuretic treatment 
There is no evidence that vaccinations or inocula- 
tions precipitate a relapse. 
Decisions to immunize should not be influenced by 
this issue alone. 
Indications for cyclophosphamide: 
¢ Frequent relapses while receiving more than 

1 mg/kg of prednisone every other day. 
e Serious corticosteroid-induced side effects. 
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INTRODUCTION 


Focal segmental glomerulosclerosis (FSGS) is not 
a disease, but rather a clinicopathological syndrome. 
Patients may present with overt features of the nephrotic 
syndrome, or they may be asymptomatic and the diag- 
nosis is made only after a kidney biopsy in a patient with 
combinations of isolated proteinuria, hypertension, or 
chronic renal insufficiency. The histopathologic findings 
are focal and segmental glomerular sclerosis with foot 
process effacement. FSGS may be primary (idiopathic) or 
secondary to numerous and diverse renal conditions as 
shown in Table 22-1. 
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There are several morphologic variants of primary and 
secondary FSGS. FSGS not otherwise specified (NOS) is 
the predominant lesion in children. There are also peri- 
hilar, cellular, tip, and collapsing variants (Table 22-2). 


Idiopathic FSGS 


Idiopathic FSGS is a primary glomerular disease for 
which the cause(s) of the chronic, progressive glomeru- 
lar fibrosis are unknown. Proteinuria, progressive renal 
insufficiency, and the nephrotic syndrome characterize 
FSGS. It is the histopathologic lesion in 7-15% of biopsied 


Table 22-1 Causes of Focal Segmental 


Glomerulosclerosis (FSGS) 


Primary FSGS Idiopathic 


Idiopathic nephrotic 
syndrome 


‘Minimal change disease’, IgM 
nephropathy, Clq nephropathy, 
mesangial proliferative 
glomerulonephritis 

NPHS2 podocin mutations, o-actinin 
4 mutations, CD2AP mutations, 

WT1 mutations, mitochondrial DNA 
mutations 

Congenital or acquired reduced renal mass, 
diabetes, sickle cell disease, hypertension, 
morbid obesity, cyanotic congenital 
heart disease, glycogen storage disease 

HIV nephropathy, IgA nephropathy, 
Henoch-Sch6nlein nephritis, lupus 
nephritis, ANCA-positive 
glomerulonephritis, Shiga toxin- 
associated hemolytic uremic syndrome, 
membranous glomerulonephritis 

Medications and Heroin nephropathy, calcineurin inhibitors, 
drugs lithium, pamidronate 


Inherited FSGS 


Glomerular 
hyperfiltration 


FSGS secondary to 
inflammation 


ANCA = anti-neutrophil cytoplasmic antibodies. 
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Table 22-2 The Morphologic Variants of FSGS? 


Variant Positive Criteria 


FSGS (NOS) 


obliterating the capillary lumina 


without podocyte hyperplasia 


Perihilar variant 
sclerotic glomeruli 


Cellular variant 


Tip variant 
tuft next to origin of proximal tubule) 


Perihilar sclerosis and hyalinosis involving >50% of segmentally 


At least one glomerulus with segmental endocapillary hypercellularity 
occluding lumina, with or without foam cells and karyorrhexis 
At least one segmental lesion involving the tip domain (outer 25% of 


The tubular pole must be identified in the defining lesion 
The lesion must have either an adhesion or confluence of podocytes 


Negative Criteria 


At least one glomerulus with segmental increase in matrix ¢ Exclude perihilar, cellular, 


tip and collapsing variants 


There may be segmental glomerular basement membrane collapse 


Exclude cellular, tip and 
collapsing variants 

Exclude tip and collapsing 
variants 

Exclude collapsing variants 


Exclude perihilar sclerosis 


with parietal or tubular cells at the tubular lumen or neck 


Collapsing variant 
podocyte hypertrophy/hyperplasia 


The tip lesion may be sclerosing or cellular 
At least one glomerulus with segmental or global collapse and 


None 


cases of nephrotic syndrome in children, and in 15-20% 
of adults. It is frequent in blacks. There is no specific 
treatment, and FSGS often progresses to end-stage renal 
disease (ESRD); indeed, it accounts for 20% of children 
and 5% of adults with ESRD. FSGS can recur after renal 
transplantation. 


EPIDEMIOLOGY 


There is a higher incidence of FSGS in children with 
steroid-dependent or frequently relapsing nephrotic 
syndrome, and the incidence of FSGS in the pediatric 
population with nephrotic syndrome is increasing. The 
odds of a diagnosis of FSGS in a biopsy specimen of a 
child with nephrotic syndrome are almost three times 
higher now than before 1990.” There is an increased risk 
and worse outcome of FSGS in blacks compared with non- 
black children.?” Black patients with FSGS are older at 
presentation (mean age 12.7 + 4.4 years) than non-black 
patients (mean 5.6 + 4.6 years) (p <0.001). Increasing 
age at presentation increases the probability of FSGS in 
black but not non-black patients (p = 0.04). The 5-year 
actuarial renal survival of FSGS is worse in black patients 
(8%) than in non-blacks (31%) (p = 0.01). In Texas, but 
not in New York, Hispanics have the lowest risk for FSGS 
and the highest incidence of MCNS. Males are affected 
slightly more often than females, and blacks more often 
than whites. !4 


CLINICAL FEATURES 


The presenting feature is always proteinuria, often with 
the features of the nephrotic syndrome (90% of cases). 


Many patients, however, have nephrotic range proteinuria 
without edema or hypoalbuminemia. The proteinuria is 
not orthostatic, and is usually in excess of 1.5 g per day. 
Many patients have hematuria (55%) that is usually 
microscopic, in addition to hypertension (30%) that can 
be severe. The serum creatinine concentration may be 
elevated at the time of presentation in 20% of children. 
Some patients describe a waxing and waning course 
of periorbital or pedal edema over a period of months. 
Patients may complain of vague symptoms of malaise 
and tiredness. There are usually no other symptoms. The 
clinical signs are edema that ranges from mild periorbital 
puffiness to massive total body swelling. The edema is 
dependent, and pitting, and often worsens during the 
day. Some patients have ascites and labial and scrotal 
swelling that can be debilitating. There are usually no 
other clinical signs, except for cardiomegaly or retinal 
changes in patients with severe and long-standing hyper- 
tension. Many patients are obese, but it is unclear whether 
these constitute a different subset of FSGS or simply the 
tendency to obesity in the North American population. 


LABORATORY INVESTIGATIONS 


The initial evaluation includes a careful urinalysis, 
24-hour collection for protein excretion, and exclusion 
of orthostatic proteinuria in non-edematous patients. A 
complete blood count and measurement of serum elec- 
trolyte concentrations, blood urea nitrogen (BUN), and 
serum creatinine, albumin and cholesterol concentrations 
should also be included. Anemia that develops before the 
deterioration of kidney function is a common feature of 
persistent nephrotic syndrome. Iron stores are depleted 
(possibly as a result of urinary losses of transferrin), but 
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iron replacement therapy is ineffective. These patients 
have erythropoietin deficiency with a blunted response 
to anemia that can be treated with erythropoietin.!° Serum 
complement studies, tests for systemic lupus erythemato- 
sus and other serological tests can be deferred and tailored 
to the findings on the kidney biopsy. 


PATHOLOGY 


Generic FSGS is defined as a discrete segmental 
consolidation of the glomerular tuft by increased extra- 
cellular matrix that results in obliteration of the capil- 
lary lumen.” The lesions initially affect juxtamedullary 
glomeruli. Lesions can occur in the vascular pole of the 
glomerulus or the periphery of the tuft. The latter is more 
common in children. Podocytes may hypertrophy and 
increase in number and detach from the glomerular base- 
ment membrane (GBM). The mesangium may be hyper- 
cellular and expanded. The disease progresses to complete 
global sclerosis. The GBM is wrinkled; there is accumu- 
lation of acellular hyaline material, and adhesions to the 
Bowman’s capsule. Unaffected glomeruli may hypertro- 
phy. There is patchy tubular atrophy, interstitial fibrosis, 
and even interstitial inflammation. 

Focal and segmental deposits of IgM and C3 may be 
seen by immunofluorescence microscopy in the regions 
of segmental sclerosis. No deposits are seen by electron 
microscopy. There are, however, marked changes in the 
podocytes that include effacement of foot processes and 
detachment from the GBM. 


MORPHOLOGICAL SUBTYPES 
OR VARIANTS 


There are several morphological subtypes of FSGS with 
possibly different therapeutic approaches and prognoses.” 
The morphologic variants of FSGS are FSGS (NOS, not 
otherwise specified), perihilar variant, cellular variant, tip 
variant, and collapsing variant (see Table 22-2). 


PATHOGENESIS!>:1621 


Podocyte injury is implicated in the pathogenesis of 
primary and secondary types of FSGS. This is especially 
true for FSGS associated with genetic mutations of 
the podocin gene. The frequency and speed with which 
proteinuria recurs in some patients after renal transplant 
for FSGS support the hypothesis that a circulating factor 
is responsible for the glomerular injury that leads to FSGS. 
The presence of a ‘permeability factor’ is demonstrated 
in some patients with primary FSGS. A high level has 
predicted recurrent disease. The mechanism by which 


the permeability factor injures the podocyte is unknown, 
but experimental evidence suggests that direct injury to 
the podocyte can cause both proteinuria and glomerular 
scarring. 

Serial renal biopsies from patients with recurrent FSGS 
demonstrate a pathogenetic sequence beginning with 
podocyte pathology that progresses to segmental scars 
and adhesions. Whereas nephrotic-range proteinuria can 
appear within minutes of transplantation in recurrent 
FSGS, glomerular pathology from biopsies performed 
within 1 month of recurrence sometimes show only 
foot process effacement. The first lesion seen by light 
microscopy is segmental collapse of the glomerular 
capillaries with proliferation and hypertrophy of the 
surrounding podocytes. Fibrotic scars with adhesions 
between the involved portions of the glomerulus and 
Bowman’s capsule are not seen until later in the course, 
and presumably they represent evolution of capillary 
collapse and podocyte pathology. The injury appears to 
begin in glomeruli, and specifically in podocytes. This is 
followed by renal tubular and interstitial injury with 
tubular dropout, interstitial inflammation, and fibrosis. 
Proximal tubular protein reabsorption may play an impor- 
tant role in the initiation and progression of the tubulo- 
interstitial injury. Activation of the renin-angiotensin 
system with subsequent stimulation of transforming 
growth factor- (TGF-B) is also important in the patho- 
genesis of the fibrosis. Therapy is therefore aimed at 
reducing protein excretion and blocking angiotensin II 
production. Glomerular hyperfiltration appears to induce 
FSGS in cases with congenital or acquired reduced renal 
mass, diabetes, sickle cell disease, hypertension, morbid 
obesity, cyanotic congenital heart disease, and glycogen 
storage disease. 


PROGNOSTIC FEATURES 


The most important prognostic features at presenta- 
tion of FSGS are the serum creatinine concentration and 
the magnitude of proteinuria.!> Nephrotic-range protein- 
uria (>3.0-3.5 g/day) is associated with a worse outcome 
in primary FSGS, with a mean time course to ESRD of 
6-8 years. Patients who do not have nephrotic-range 
proteinuria have a 10-year renal survival of over 80%. 
Patients with proteinuria in excess of 10 g/day progress 
rapidly to renal failure in less than 3 years. The patients 
with ‘malignant FSGS’ were young, usually hypertensive, 
had microscopic hematuria, non-selective proteinuria 
and severe hypercholesterolemia.4 None responded to 
treatment with corticosteroids or cytotoxic drugs, and 
the nephrotic syndrome persisted in some during dialy- 
sis and after transplant (Table 22-3). 

The prognosis is better in patients who go into remis- 
sion than those who do not. Fewer than 15% of patients 


Table 22-3 Prognostic Features of FSGs!° 


Proteinuria >10 g/24 h - ESRD 
in 5 years 

Non-nephrotic proteinuria - 
renal survival >80% after 
10 years 

Serum creatinine at presentation 1.3 mg/dl - poorer renal 
survival 

>20% interstitial fibrosis 

Cellular lesion 


Proteinuria at presentation 


Histological features that 
predict a poor prognosis 


who have a complete remission progress to ESRD; up 
to 50% of nephrotic patients progress to ESRD over 
5 years. The best pathologic predictor of poor outcome 
is the extent of interstitial fibrosis, and not the percent- 
age of segmental or global sclerosis. Spontaneous remis- 
sion occurs in less than 5% of nephrotic patients with 
primary FSGS. 

Mutations in NPHS2 that encodes podocin can 
cause recessive FSGS and FSGS in non-familial cases. 
These patients are usually resistant to corticosteroids 
and immunosuppressive agents.!? The fractional excre- 
tion of IgG (FE IgG) may prove to be a useful test 
to predict whether a patient will enter remission or 
progress to renal failure, and may be useful as a guide to 
treatment.! The prognosis and response to treatment 
may also depend on the morphological variant of FSGS 
(Table 22-4). 


DIFFERENTIAL DIAGNOSIS OF 
PRIMARY FSGS 


Minimal Change Disease 


The clinical and laboratory features are often indistin- 
guishable. The diagnosis of FSGS is made after a renal 
biopsy in a patient who is either steroid-resistant or 
steroid-dependent (see Chapter 21). 
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Membranous Glomerulonephritis 


These patients tend to be older and are usually steroid- 
resistant (see Chapter 19). 


Membranoproliferative 
Glomerulonephritis 


Although these patients often present with the 
nephrotic syndrome, there are almost always additional 
nephritic components of hematuria, red blood cell casts, 
hypertension, azotemia and hypocomplementemia (see 
Chapter 19). 


Mesangial Proliferative 
Glomerulonephritis?> 


Similarly to FSGS, this describes a histopathologic find- 
ing rather than a disease. There is diffuse mesangial cell 
and matrix expansion with normal glomerular capillary 
walls and often mesangial deposits of IgM. This finding 
occurs in 2 to 10% of patients with primary nephrotic 
syndrome. Clinical presentations include asymptomatic 
proteinuria, isolated hematuria, proteinuria and hema- 
turia, and nephrotic syndrome. Treatment regimens are 
similar to minimal change disease and FSGS, but most 
patients - especially those with severe disease - are non- 
responsive. Nephrotic patients who respond to treat- 
ment are often steroid-dependent or have frequent 
relapses; those who do not respond are usually found to 
have FSGS on repeat biopsy and progress to end-stage 
renal failure (Table 22-5). 


GENETIC TYPES OF FSGS!” 


Autosomal recessive steroid-resistant nephrotic 
syndrome is characterized by onset of proteinuria under 
the age of 5 years, resistance to corticosteroid treatment, 
and rapid progression to ESRD. Minimal glomerular 
changes are seen on early biopsy specimens, and FSGS is 


Table 22-4 Response to Treatment Based on Morphological Variant of FSGS 


Perihilar variant ¢« When accompanied by glomerulomegaly, is more common in 
patients with secondary FSGS caused by glomerular hyperfiltration. 


Cellular variant More severe proteinuria 


e More likely to have nephrotic syndrome 


e Possibly an earlier stage in FSGS 


Tip variant e Patients with minimal change nephrotic syndrome who have the tip 


lesion may progress to FSGS 
HIV must be excluded 
More likely to be black 


Collapsing variant 


Rapid progression to end-stage renal failure 


e May be more likely to respond 
to treatment with 
immunosuppressants 

e 80% responsiveness to 
corticosteroids [Hogan-Moulton] 

e Usually does not respond to 
treatment 
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Table 22-5 Differential Diagnosis of Primary FSGS 


Differentiating Clinical Features 


Minimal change NS Younger age at onset 


White 


Steroid-responsive 


Membranous GN Older age at onset 
Black 


History of hepatitis 


MPGN e Nephritic presentation 

Mesangial e More likely to have hematuria, hypertension 
proliferative GN 

Clq nephropathy 


IgM nephropathy Corticosteroid-resistant 


Genetic types of FSGS 


Positive family history 


May be indistinguishable from idiopathic FSGS 


Differentiating Tests 


Steroid-responsive 
If not, renal biopsy 


No/minimal hematuria, hypertension or azotemia 


Renal biopsy 
Hepatitis serology 
Lupus serology 


Renal biopsy 
Low serum C3 


Renal biopsy if steroid- resistant 


Renal biopsy if steroid-resistant 
DNA studies if available 


present later. The causative gene, NPHS2, maps to 
1q25-q31 and the protein product is called podocin.? The 
identification of mutation allows avoidance of unneces- 
sary immunosuppressive treatment and enables provision 
of prenatal diagnosis to families at risk. Unfortunately, 
FSGS may recur after transplantation. The clinical pheno- 
type of patients with NPHS2 mutations but no family 
history of nephrotic syndrome, is indistinguishable from 
those with idiopathic FSGS.° 

Autosomal dominant inheritance of FSGS occurs in 
families in whom FSGS is linked to at least three loci on 
chromosomes 1q25-31, 11q22-24, and 9q13. The gene 
located at 19q13 is ACTN4, and encodes o-actinin-4, an 
actin-binding and cross-linking protein localized to 
podocytes mainly in the foot processes. Frasier syndrome 
is characterized by male pseudo-hermaphroditism with 
complete sex reversal, streak gonads and gonadoblas- 
toma and slowly progressive glomerulopathy. There are 
intronic mutations in the second splicing site of the WTI 
Wilms’ tumor 1) gene. Autosomal dominant transmission 
of FSGS occurs in Frasier syndrome (Table 22-6). 


TREATMENT 


There is no satisfactory treatment of FSGS. Treatment 
regimens include corticosteroids, pulse alkylating 
agents,!® cyclosporine A (CsA), and pulse methylpred- 
nisolone. Angiotensin-converting enzyme (ACE) inhibitors 
and angiotensin II blockers (ARB) are now being added 
to these regimens, or are being used alone. The following 
conclusions were reached after a critical evaluation of 
the levels of evidence for the treatment of FSGS°: 

1. No prospective studies specifically assess the use 
of corticosteroids. However, reports of case series 
support the use of prednisone at an initial dose of 
60 mg/day for a minimum of 4 months; patients 
should not be considered steroid-resistant until a 
6-month trial of prednisone has been completed. 

2. Patients who are resistant to prednisone therapy 
or are dependent on corticosteroid therapy may 
benefit from the use of CsA, but the usefulness of 
cyclophosphamide, azathioprine, or chlorambucil 


Table 22-6 Inherited Types of FSGS 


Inheritance of FSGS Locus Gene Gene Product 
Autosomal recessive 1q25-31 SRNI CD2-associated protein 
Autosomal dominant 1q25-31 

11q22-24 ACTN4 Oractinin-4 

19q13 
Mitochondrial DNA mutations Mitochondrial tRNA" gene (A3243G) 
Frasier syndrome lip Dominant negative point mutations of 


zinc fingers of WT1 protein 


Box 22-1 The Poignant Truth About the 


Treatment of FSGS 


Patients with FSGS may initially be steroid-responsive 
Most patients with FSGS are steroid-resistant or 
steroid-dependent 

Progression of FSGS to end-stage renal failure is not 
inevitable in all cases 

FSGS does not always recur after renal transplant 
Recurrence of FSGS after renal transplant does not 
always lead to graft loss. 


is not clear because few randomized prospective 
studies have been conducted on which to base any 
recommendations (Box 22-1). 

A renal biopsy should be performed either at the onset 
of nephrotic syndrome in patients at risk (aged over 
8 years, African Americans) or early during the clinical 
course if there are problems with response to therapy.” 


Corticosteroids 


Patients who receive a course of treatment with corti- 
costeroids are four to ten times more likely to enter remis- 
sion than untreated patients.!! No clinical or histological 
feature at presentation predicts which patients will enter 
remission, although patients with elevated concentrations 
of serum creatinine and severe interstitial fibrosis are 
unlikely to respond to corticosteroids. Therefore, the 
response to a course of treatment is the best clinical 
indicator of outcome. Initial treatment for primary FSGS 
in children consists of prednisone 60-80 mg/day/m? in 
divided doses for 4 weeks, followed by 40 mg/day/m? 
(up to 60 mg/day) in divided doses every second day for 
4 weeks, and then either discontinued or tapered over 
several weeks. The results are disappointing, with a remis- 
sion rate of less than 30%. Some physicians treat with 
corticosteroids for up to 6 months in order to achieve a 
higher rate of remission, but the cushingoid side effects 
and inhibition of growth can be serious. 


Pulse Intravenous Methylprednisolone 


This aggressive approach to treatment with very large 
doses of corticosteroids can induce remissions in a vari- 
able percentage of children with FSGS.!3 


Cyclosporine A 


Response rates with CsA of 50% to 100% are reported 
with twice-daily dosing of 5 to 32 mg/kg/day to achieve 
trough blood levels of 70 to 500 ng/ml. However, this 
is associated with a high incidence of side effects that 
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include nephrotoxicity, hypertension, gingival hyperpla- 
sia, and hirsutism.’ Therefore, a smaller once-daily dose 
of 5 mg/kg of cyclosporine A was recommended for the 
treatment of FSGS. Among 21 children, 11 (52%) had a 
complete remission, and five (24%) had a partial remis- 
sion. The total response rate was 76%. The mean time to 
response was 2.8 + 0.8 months, and the mean duration 
of therapy was 20.6 + 13.7 months. The CsA dosage was 
tapered or stopped in nine responders; three of these 
patients maintained remission for 6 to 13 months, and six 
patients relapsed at 1.5 to 18.7 months (mean 8.7 months). 
Five of these six patients responded again when the 
CsA therapy was restarted, or the dosage was increased.’ 
Unfortunately, not all patients respond a second time. 
Secondary resistance to CsA is defined as an initial 
response to CsA, with relapse on withdrawal of therapy 
and absent or diminished response on reinstitution of 
CsA.!° The presence of FSGS, or of C4 and/or Clq, 
appears to increase the risk of secondary CsA resistance, 
and some of these children rapidly progress to ESRD. 


Angiotensin-Converting Enzyme Inhibitors 


There is limited experience using ACE inhibitors alone 
in primary FSGS. Their use in FSGS nephrotic patients may 
reduce proteinuria without inducing a remission or reduc- 
ing the rate of progression of renal disease (Box 22-2). 


Box 22-2 Recommendations Based 
on an Assessment of Levels 


of Evidence’ 


Recommendation 1 

e Consider treatment with prednisone (0.5 to 2.0 mg/ 
kg/day) for patients with FSGS. Continue treatment 
for 6 months before declaring the patient steroid- 
resistant. Remission is associated with a dose of at 
least 60 mg/day. 

¢ The dose may be reduced to 0.5 mg/kg/day, but only 
after 3 months. 

e Response rates vary tremendously. 

Recommendation 2 

e CsA at doses of approximately 5 mg/kg/day may 
reduce urinary protein excretion. Relapse after 
reducing the dose or stopping CsA is common. 

e Long-term use of CsA may be required to maintain 
remission. 

Recommendation 3 

e Cytotoxic therapy (cyclophosphamide and chloram- 
bucil) is second-line therapy, but the evidence is not 
conclusive. 

Recommendation 4 

e Plasmapheresis or protein adsorption is recommended 
for renal transplant patients with recurrent FSGS. 
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MAJOR POINTS 


Focal segmental glomerulosclerosis (FSGS) is a 
clinicopathologic syndrome. 

Primary FSGS is one of the leading causes of ESRD in 
the United States. 

Primary FSGS accounts for up to 35% of glomerular 
lesions in proteinuric children and adults. 

The prevalence of FSGS in black patients (36-80%) is 
two- to four-fold that in white patients (14-24%). 
The incidence of primary FSGS has increased 

two- to three-fold over the past 20 years. 

Check for proteinuria by urine dipstick in all patients 
with periorbital edema before ascribing the puffiness 
to ‘allergies’. 

FSGS is not part of a spectrum of minimal change 
nephrotic syndrome. 

Some patients with ‘minimal change nephrotic 
syndrome’ may develop FSGS. 


RECURRENCE POST-TRANSPLANT 


FSGS can recur after initial renal transplantation in 


30-50% of patients. Patients who have post-transplant 
recurrence of FSGS have permeability activity defined 
by measurement of albumin permeability (P[alb]) or 
glomerular volume variation (GVV).”° This permeability 
activity is decreased by plasmapheresis or immuno- 
adsorption, and early use of plasmapheresis in post- 
transplant recurrence of FSGS may be beneficial. 
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INTRODUCTION 


Membranous nephropathy (MN) is an immune 
complex-mediated injury to the glomerulus that results 
in proteinuria and nephrotic syndrome. The defining 
feature of MN is the presence of subepithelial immune 


Membranous 
Nephropathy 


LAWRENCE S. MILNER, M.D. 


deposits adjacent to the glomerular basement membrane 
(GBM). The pathologic appearance of a thickened GBM 
gave rise to the term MN. 


INCIDENCE 


Membranous nephropathy is an uncommon cause of 
proteinuria and nephrotic syndrome in childhood, and 
its occurrence is often secondary to an underlying comor- 
bid illness.? Geographic variations in the occurrence 
of MN depend on the regional incidence of coexistent 
diseases, especially those secondary to infections such as 
hepatitis B virus, malaria, and syphilis. Children from Africa 
and Asia, where these infectious diseases are endemic, 
tend to have a higher incidence of MN; this reflects 
an increased exposure to these infections. Primary 
MN is more common in males, and a genetic predisposi- 
tion is associated with different HLA patterns in various 
population groups, especially HLA1, B8, and D3 
antigens. Furthermore, primary MN has been reported 
in twins, suggesting a genetic predisposition in suscepti- 
ble cases. 


ETIOLOGY 


In primary MN there is no known underlying cause, 
whereas in secondary MN there is a coexistent disease 
(Table 23-1). 


PATHOGENESIS 


Glomerular accumulation of immune complexes (ICs) 
is derived from the circulation or by ‘in-situ’ deposition 
promoting glomerular injury. In humans with MN the 
mechanisms of IC accumulation are largely unknown, 
and the basis for the understanding of subepithelial 
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Table 23-1 Causes of Secondary Membranous 


Nephropathy (MN) 
Infections 
Viral Hepatitis B, C, HIV 
Bacterial Syphilis 
Parasitic Malaria, schistosomiasis 
Auto-immune SLE, sarcoidosis, thyroiditis 
Hematologic Sickle cell anemia, lymphoma, leukemia 


Medications 
Miscellaneous 


Penicillamine, gold 
Solid organ tumors, inflammatory bowel 
disease 


SLE = systemic lupus erythematosus. 


immune deposition and proteinuria has been generated 
from experimental Heyman nephritis, an animal proto- 
type of MN. 


In-Situ Immune Complex Deposition 


The model of passive Heymann nephritis (PHN) repro- 
duces the accumulation of subepithelial immune deposits 
by infusing rats with heterologous antibody generated in 
sheep or rabbits directed against a rat tubular antigen 
designated as megalin or gp330.7 

Antibodies to megalin cross-react with similar anti- 
gens within the podocytes of rat glomeruli and serve as 
a ‘planted antigen’. Further in-situ accumulation of autol- 
ogous antibodies produces subepithelial deposits adja- 
cent to the GBM.!® In human MN, the putative antigen 
equivalent of megalin is not identified, although a candi- 
date antigen is neutral endopeptidase that occurs in 
human tubule brush border and on podocytes. Passive 
transplacental transfer of anti-neutral endopeptidase anti- 
bodies caused MN in a neonate.” 


Complement 


Proteinuria in PHN is shown to be complement- 
dependent, as decomplementation of rats with cobra 
venom factor abrogates the proteinuria. The attachment 
of the membrane attack complex (MAC), Csp-9, the 
terminal component of the complement pathway within 
the GBM, promotes the development of proteinuria by 
injuring the membrane.!? 


Cytokines 


Cytokine release following IC deposition contributes 
to glomerular injury in MN. In PHN, insertion of the MAC 
within membranes activates production of arachidonic 
acid (a precursor of thromboxane A2), and increases 
oxygen free-radicals within glomeruli, thereby aggravating 
proteinuria.4?° Increased production of transforming 


growth factor B (TGF-B) and tumor necrosis factor (TNF) 
follows the initial injury, promoting an increase in 
matrix proteins and subsequent fibrosis.”! 


Circulating Immune Complexes 


In secondary forms of human MN, glomerular accu- 
mulation of ICs may be derived from the circulation. The 
sites of IC deposition within the glomeruli vary with 
their size and charge. 


PATHOLOGY 


The characteristic abnormality seen by light micro- 
scopy is thickening of the GBM, with minimal increase 
in mesangial cellularity. The appearance of a thickened 
basement membrane with discrete spike formation (using 
a silver stain) is due to an accumulation of basement 
membrane-like substances forming around the immune 
deposits, especially laminin, type 4 collagen, and 
fibronectin. Electron microscopic findings are typically 
subepithelial IC deposits. Further incorporation of 
the immune deposits within the GBM varies with differ- 
ent stages of the disease, and may be helpful in assessing 
severity and chronicity.° Immunofluorescence staining 
usually detects immunoglobulin G UgG) - especially 
IgG 4 - and complement C3 is usually seen in granular 
and diffuse garland patterns. The deposition of C1Q 
and extensive deposits of C3 are less common, and 
if associated with mesangial deposits usually suggest 
a secondary cause, especially systemic lupus erythe- 
matosus (SLE). 

The co-deposition of mesangial IgA suggests IgA 
nephropathy in conjunction with the presence of MN. 
The presence of interstitial inflammation, interstitial fibro- 
sis, and tubular atrophy signifies a more severe glomeru- 
lar injury, and usually heralds an inexorable decline in 
renal function. 


CLINICAL FINDINGS 


Children with MN often have a secondary cause for 
their glomerular injury. This requires careful evaluation 
to detect an underlying comorbid disease (Table 23-2). 


History 


In neonates with MN, a maternal record is required 
of prenatal serologic testing for congenital infections, 
especially syphilis. The immunization status against 
hepatitis B of infants and children is important. Place of 
birth, recent travel history, and exposure to medications 
must be elicited. 


Table 23-2 Clinical Differences Between Primary 


and Secondary MN 
Primary Secondary 
Nephrotic syndrome Yes Yes 
Fever No Yes (infection/ 
autoimmune/neoplasia) 
Anemia No Yes (infection/ 


autoimmune/neoplasia) 
Yes (infection/ 
autoimmune/neoplasia) 
Yes (thyroiditis) 
Yes (gold, penicillamine) 


Hepatosplenomegaly No 


Thyromegaly No 
Medication history No 


Physical Examination 


A physical examination includes an inspection for 
rash and arthritis. These occur with congenital syphilis, 
SLE, and sarcoidosis. Lymphadenopathy and/or 
hepatosplenomegaly suggest an underlying infectious 
process, hematologic malignancy, or solid tumor. 
Thyromegaly suggests the presence of an autoimmune 
thyroiditis. 


Renal 


Nephrotic syndrome occurs in the majority of chil- 
dren with MN. This is characterized by proteinuria 
in excess of 40 mg/m?/hour, edema, and hyperlipid- 
emia. Hypertension occurs in 25% of cases, a few have 
asymptomatic proteinuria, and many have microscopic 
hematuria.!4 


Diagnostic Tests 


The diagnosis of MN is histopathologic, and is made 
on a renal biopsy. Serum complement concentrations are 
usually normal in primary MN, but may be decreased in 
SLE, hepatitis B MN, and congenital syphilis (Table 23-3). 


Table 23-3 Laboratory Evaluation and Differences 


Between Primary and Secondary MN 


Primary Secondary 
Treponemal Ab Negative Positive (syphilis) 
ANA, anti dsDNA Ab Negative Positive (SLE) 
Serum C3 levels Normal Decreased (SLE, syphilis, 
hepatitis B) 
Hepatic enzymes Normal Elevated (hepatitis B, C, 


syphilis, SLE, neoplasia) 


ANA = anti-nuclear antibodies; dsDNA = double-stranded DNA. 
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Secondary Causes of MN 


Hepatitis B Viral Infection 

Hepatitis B virus CHBV)-induced MN is more common 
in childhood populations in which the hepatitis B carrier 
state is endemic, such as in Africa and Asia, where 
reported incidences range from 0.1 to 15%.76 

Children with HBV-MN present with proteinuria or 
nephrotic syndrome that cannot be distinguished from 
idiopathic nephrotic syndrome. Positive serology for 
hepatitis s and e antigens, and core antibody, are impor- 
tant findings in HBV-MN. The presence of abnormal liver 
function tests due to mild hepatitis, as well as depressed 
complement levels, may help to support a clinical diag- 
nosis of HBV-MN in a child with nephrotic syndrome. !4 
The presence of hepatitis B e antigen within the affected 
glomeruli in children with MN supports the notion that 
ICs containing e antigen mediate proteinuria in HBV-MN.!! 
Studies in primates with HBV-induced glomerular injury 
showed IgG-bound e antigen in the circulation and 
within glomeruli.?? This suggests a possible circulating 
IC-mediated glomerular injury. However, in humans with 
HBV-MN a recent study using immunoelectron microscopy 
showed MAC deposits, co-localized with e antigen within 
the subepithelial dense deposits, suggesting an in-situ 
mechanism for IC deposition in HBV-MN.! A genetic 
predisposition to have HBV-MN is suggested by the 
occurrence of HLA antigens that vary among different 
population groups.” These are thought to control the 
T-cell immunomodulating response of the host to the 
offending antigen, in some way predisposing to MN in 
susceptible individuals. Patients with chronic hepatitis B e 
antigenemia and positive HBV viral DNA with persistent 
proteinuria may benefit from alpha interferon therapy to 
reduce the viral load.!* The long-term outcome in child- 
hood HBV-MN is good, and there is spontaneous resolution 
in most affected children. The appearance of hepatitis B e 
antibodies heralds resolution of the proteinuria. 


Syphilis 

Neonates and infants with glomerular injury caused by 
Treponema pallidum infection commonly present with 
nephrotic syndrome and MN. Additional findings are 
rashes, nasal discharge, hepatosplenomegaly, and perio- 
stitis. Some affected infants may be hypertensive.2>:2678 
Abnormal serologic findings are positive VDRL and rapid 
plasma reagin (RPR) tests, or fluorescent Treponema IgM 
antibodies. Decreased serum complement and elevated 
serum IgM concentrations are consistent with a response 
to a congenital infection. 

Granular deposits of IgG and complement characterize 
glomerular ultrastructural findings in congenital syphilis. 
Treponemal antigens are demonstrated within affected 
glomeruli in the subepithelial space adjacent to the base- 
ment membrane. This predisposes to in-situ IC formation. 
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Early treatment with penicillin results in the resolution of 
proteinuria and attenuation of immune-mediated glomeru- 
lar injury. A recent increase in the incidence of congeni- 
tal syphilis requires vigilant screening during pregnancy 
and evaluation of ‘at-risk’ neonates and infants so that 
early therapy with penicillin can be given. 


Lupus Nephritis 

Glomerular injury occurs in up to 75% children with 
SLE. Clinically, there may be mild glomerulonephritis with 
microscopic hematuria or acute nephritic or nephrotic 
syndrome (see Chapter 25). 


Drug-Induced MN 

MN is most frequently associated with exposure to gold 
salts, and penicillamine. Captopril, a sulfhydryl-containing 
angiotensin-converting enzyme (ACE) inhibitor may be 
a rare cause of MN. Gold treatment may result in tubular 
deposits and antibodies to renal tubular antigens within 
glomerular immune complexes.7> This suggests that 
primary tubular injury predisposes to immune glomeru- 
lar deposits in gold-induced proteinuria. Penicillamine- 
induced injury occurs in up to 20% of patients through 
penicilloyl moiety hapten-mediated glomerular damage. 
Discontinuation of the offending drug is required to 
reverse the proteinuria. 


Hematologic/Oncologic Causes of MN 


Sickle cell disease may rarely be associated with MN. 
MN associated with solid tumors is well documented in 
adults, but is rare in childhood. Proteinuria may precede 
the diagnosis of an underlying tumor, and its disappear- 
ance may coincide with the removal of the tumor. 
Conversely, reappearance of the tumor may be a sign of 
tumor recurrence. Neoplasia-induced MN is mediated by 
tumor-associated antigen that produces circulating or 
planted antigens. Lymphoma and leukemia are rarely 
associated with MN. 


TREATMENT 


Primary MN 


Spontaneous resolution of proteinuria in primary MN 
occurs in up to 20% of affected patients. Hence, contro- 
versy exists as to which patients would benefit from 
immunosuppressive therapy. 1”? In secondary MN, reso- 
lution of the proteinuria usually occurs after removal of 
the underlying antigenic stimuli precipitating MN. 


Specific Therapy 


There are no controlled trials in children with MN. 
Therefore, it is difficult to decide if and when and who 


Box 23-1 Management of Primary 


Membranous Nephropathy (Mn) 


Non-nephrotic proteinuria 
¢ Observe 
e Non-specific therapy: ACE inhibitors 


Nephrotic-range proteinuria 
¢ Normal renal function 
i. Pulse steroids IV and oral steroids 
¢ Impaired renal function and/or interstitial 
inflammation 
i. Corticosteroids and cyclophosphamide 
ii. Cyclosporine if resistant to @ 
iii. Mycophenolate mofetil if resistant to G and ii) 


should be treated. Although the following regimens 
are used, it is unclear whether or not they are helpful 
(Box 23-1). 


Immunosuppressive Therapy 

Glucocorticoids 

Intravenous pulsed methylprednisone for three consec- 
utive days followed by daily or an alternate-day oral steroid 
regimen for up to 6 months may be considered. 


Cytotoxic Agents 

The addition of cytotoxic agents, such as oral cyclo- 
phosphamide daily for 3-6 months in addition to oral 
steroids has been shown to be effective, with a remis- 
sion rate of up to 40% in adult studies. Chlorambucil may 
be substituted for cyclophosphamide, but with possible 
increased toxicity. Alternate-day oral cytotoxic agents 
given monthly with alternate-day oral steroids for 
6 months also appears to offer a potentially effective 
therapeutic strategy. 


Cyclosporine 

Patients resistant to corticosteroid and cytotoxic 
agents may benefit from cyclosporine A (CsA) therapy. 
In adults, significant remission (up to 75%) occurs with 
combined CsA and corticosteroid therapy. However, 
remission is often not sustained. 


Future Immunotherapeutic Strategies 

Mycophenolate mofetil (MMF) can be considered as a 
steroid-sparing agent. The successful use of intravenous 
gamma-globulin (VIG) in adults reduces proteinuria in 
resistant cases.?7 


Secondary MN 


Secondary MN associated with an underlying comor- 
bid disease requires directed therapy to eradicate the puta- 
tive antigenic offender. Hepatitis B-induced MN treated 


with interferon or other antiviral agents may reduce the 
viral load and ameliorate the glomerular injury. Infants 
with congenital syphilis-induced MN respond well to peni- 
cillin administered early in the course. Children with MN 
due to SLE also have a good outcome with immunosup- 
pressive agents, especially if the glomerular injury is a 
pure membranous lesion without significant mesangial 
proliferation or sclerosis. In drug-induced MN, elimination 
of the offending agent results in spontaneous resolution 
of the condition. 


Non-Specific Therapy 


Non-specific therapeutic measures may help to reduce 
proteinuria without necessarily altering IC deposition, 
but reduces the potential complications of MN. 


ACE Inhibitors 

The use of ACE inhibitors in MN reduces protein- 
uria by decreasing efferent arteriolar resistance, thereby 
reducing intraglomerular hydrostatic pressure, with 
preservation of podocyte structure.!© A modest reduc- 
tion in proteinuria with ACE inhibitors reduces tubular 
injury by restricting the production of pro-inflammatory 
substances induced by persistent proteinuria. !0-15.24 


Hypolipemic Agents 

Persistent hyperlipidemia occurs in chronic protein- 
uria, which promotes premature atherosclerosis and 
glomerulosclerosis, potentially aggravating the glomeru- 
lar damage. Judicious use of hypolipemic agents may 
help to control hyperlipemia in MN and prevent these 
adverse effects. 


Antiplatelet Agents 

Intravascular thrombosis is an important complication 
of MN due to a hypercoagulable state. Dipyridamole, a 
phosphodiesterase inhibitor, is used to prevent intra- 
vascular thromboses in MN. 


OUTCOME 


The outcome of primary MN is generally favorable, 
as spontaneous remission occurs in up to 40% of cases 
and there seems to be a reasonably good response to 
immunotherapy. Chronic renal insufficiency occurs in 
about 20% of affected patients. Patients with proteinuria 
of <40 mg/m?/24 hours and normal renal function have 
the best outcome. Nephrotic-range proteinuria, espe- 
cially when associated with impaired renal function, is 
less responsive to treatment. Glomerulosclerosis, intersti- 
tial inflammation, and myofibroblasts indicate a poor 
outcome with an inexorable decline in renal function. The 
presence of urinary C5b-9 reflects persistent glomerular 
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MAJOR POINTS 


e Children with membranous nephropathy may have 
an underlying infectious, autoimmune or neoplastic 
disease. 

¢ Appropriate serologic testing to exclude causes of 
MN (syphilis, hepatitis viruses, parasitic infections, 
SLE) can be carried out after the biopsy confirms the 
diagnosis of MN. 

e Children with non-nephrotic-range proteinuria 
(<40 mg/m2/hour) and normal renal function should 
be observed for spontaneous resolution. 

e Children with nephrotic-range proteinuria and or 
impaired renal function should be considered for 
immunosuppressive therapy. 


activity, while the finding of increased urinary IgG and 
alpha-1 microglobulin may signify underlying tubulo- 
interstitial disease. This requires an earlier and more 
aggressive therapeutic approach. !° 

Relapses occur in up to 30% of patients, and a repeat 
course of immunosuppressive therapy may result in remis- 
sion. Long-term follow-up of patients in remission is 
therefore recommended in order to detect a relapse and 
to institute early therapy if needed. MN may occur de novo 
in up to 9% of allografts. Recurrence of primary MN is 
more common than previously appreciated, occurs in up 
to 29% of allografts, and results in graft failure in up to 
50% of cases. 
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INTRODUCTION 


The small vessel vasculitides (SVV) includes a group 
of diseases characterized by the presence of anti- 
neutrophil cytoplasmic antibodies (ANCA).? ANCA- 
associated SVV is distinguished from other SVV, 
including Henoch-Sch6nlein purpura, cryoglobulinemia 
and hypersensitivity angiitis by clinical presentation, 
laboratory studies and pathology.!® The three recog- 
nized ANCA-associated vasculitides that may cause renal 
disease are microvascular polyangiitis (MPA), Wegener 
granulomatosis (WG) and Churg-Strauss syndrome (CSS) 
(Table 24-1).4 


Definitions 


SVV differ from medium and large arterial vasculitides 
by often involving arterioles, venules, and capillaries. 
Definitions of the SVV are mainly based on histological 
findings (Box 24-1). 


Table 24-1 Presence of Anti-Neutrophil Cytoplasmic Antibodies (ANCA) and Relative Frequency of Kidney and 


Lung Involvement of the Small Vessel Vasculitides 


Small Vessel Vasculitis Anti-PR3 Anti-MPO Kidney Lung 
Wegener’s granulomatosis ++ + ++++ ++++ 
Microvascular angiitis + +++ ballets fia 
Churg-Strauss syndrome +++ + +4++ 
Henoch-Schonlein purpura - = oft a 
Idiopathic cryoglobulinemia - - db a 
Cutaneous leukoclastic vasculitis - = + $ 
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Box 24-1 Definitions of the Small Vessel 


Vasculitides (SVV) 


Wegener’s granulomatosis 

Granulomatous inflammation of respiratory tract and a 
necrotizing vasculitis that commonly includes the 
kidney 

Microvascular polyangiitis 

Necrotizing vasculitis with few or no immune 
deposits, often involves arterioles, venules and 
capillaries and is frequently associated with a 
necrotizing rapidly progressive pauci-immune 
glomerulonephritis 

Churg—Strauss syndrome 

Necrotizing eosinophilic vasculitis usually of the 
lungs with infrequent renal involvement 


EPIDEMIOLOGY 


About 20 per million persons are affected world- 
wide. There is improved detection and a true increase in 
the incidence of ANCA-associated vasculitis. The peak 
incidence is 55 to 70 years, but all ages may be affected 
and the incidence in childhood is unknown.!? The 
immunologic events leading to ANCA production are 
unknown. Staphylococcus aureus, silica exposure, and 
drugs (e.g., propylthiouracil) may induce vasculitis. Anti- 
staphylococcal therapy prevents relapses in WG, and 
carriers are eight-fold more likely to relapse than non- 
carriers. Patients with abnormal o1-antitrypsin pheno- 
types have more severe WG and higher mortality rates. 


PATHOGENESIS 


Anti-Neutrophil Cytoplasmic Antibodies 


The pathogenesis of the SVV almost certainly 
involves ANCA. Patients with SVV are often positive for 
ANCA. These autoantibodies react with the cytoplasmic 
constituents of neutrophils and monocytes. ANCA are 
useful diagnostic markers of SVV, but are usually unhelpful 
in determining disease activity in response to treatment. 


Neutrophils 

Glomerular and/or vascular inflammation exposes anti- 
gen (i.e., serine proteinase 3; PR3) or myeloperoxidase 
(MPO) on the surface of cytokine-primed or apoptotic 
polymorphonuclear neutrophils (PMN). This leads to 
autoantibody production. ANCA augment endothelial acti- 
vation, swelling and adherence, promote PMN and mono- 
cyte margination, and accentuate platelet deposition. 


PMN degranulation, via ANCA ligation, leads to the 
generation of toxic oxygen metabolites that augments 
inflammation, and results in necrosis, karyorrhexis, and 
fibrinous insudation. The inflammatory process then leads 
to further engagement and activation of primed vascular 
cells, and the activated participants cause fibrinoid necro- 
sis, and ultimately fibrosis.° !2 


Endothelia 

The endothelium plays a significant role in the patho- 
genesis of the renal lesions. Endothelial cells provide 
pro-inflammatory, procoagulant and fibrogenic stimuli 
through local release of mediators and direct cellular 
responses. Through an orchestrated and regulated 
sequence of intracellular processes, these cells actively 
participate in cellular adhesion, triggering cell-cell inter- 
actions, release of inflammatory mediators, and reactive 
oxygen species. The recruitment of PMN and platelets 
augments inflammation through direct cellular interac- 
tions with release of cytokines and chemokines. This fuels 
a process that results in vascular occlusion and throm- 
bosis. These intra-capillary PMN are further activated by 
ANCA and ambient cytokines, such as tumor necrosis 
factor-a (TNF-&) within lesions (Table 24-2). PMNs 
produce H202, which combines with halides to form 
toxic hypohalous acids. The release of proteases from 
activated PMN and other cells, together with the hypo- 
halous acids, disrupts the glomerular basement membrane 
(GBM) and causes lysis of endothelial cells. ANCA-binding 
to activate PMN within the lesions enhances the inflam- 
matory process by influencing apoptotic events and PMN 
transit through vessels. 


T Cells 

T-cell-mediated immunity contributes to the patho- 
genesis of ANCA-associated vasculitis.! Peripheral blood 
T cells from patients with active or quiescent diseases 
proliferate in response to PR3 or MPO. T-cell activation 
persists after disease remission. Two-thirds of patients 
colonized with Staph. aureus carry a strain that 


Table 24-2 Frequency of Organ Involvement in 
Wegener’s Granulomatosis (WG) and 


Microvascular Polyangiitis (MPA) 


Organ WG (%) MPA (%) 
Respiratory 90 40 
Kidney 80 90 
Musculoskeletal 60 60 
Gastrointestinal 50 50 
CNS 50 30 
Skin 40 40 


produces T-cell-activating superantigens, and these indi- 
viduals are more prone to disease flares. 


CLINICAL FEATURES 


Symptoms and Signs 


The presenting symptoms and signs of the SVV are 
varied because many organ systems may be involved.’ 
Over 50% of patients present with a pulmonary-renal 
syndrome (Table 24-3), and the integumentary, central 
nervous, ocular, and gastrointestinal systems are variably 
affected (see Table 24-2). Constitutional symptoms, such 
as fever, myalgia, weight loss anorexia, and night sweats, 
occur in over 90% of patients.!! 


Renal 

Acute-presentation glomerulonephritis can be fulmi- 
nant with rapidly progressive renal failure. Most patients 
with insidious presentation have hematuria, proteinuria, 
hypertension, and renal insufficiency, although some may 
present with end-stage renal disease (ESRD). Untreated 
crescentic glomerulonephritis rapidly progresses to end- 
stage renal failure. 


Respiratory Tract 

Upper respiratory tract symptoms include rhinor- 
rhea, sinusitis, epistaxis, otitis media, nasal bridge collapse, 
and vocal changes with subglottic stenosis. Lung disease 
presents with cough, hemoptysis, chest pain, and dysp- 
nea. Pulmonary hemorrhage may be life-threatening. 
Nasal deformity and subglottic stenosis are common 
in childhood-onset WG. Glomerulonephritis is seen in 
77% of patients with WG, and completes the triad 
of upper and lower airway disease and kidney involve- 
ment; however, renal disease is not a pre-requisite for 
the diagnosis. 


Table 24-3 Pulmonary—Renal Syndromes in Children 


Disease Category Disorder 


Vasculitis Wegener’s granulomatosis 
Microscopic polyangiitis 
Systemic lupus erythematosus 
Henoch-Schonlein purpura 
Post-infectious glomerulonephritis 
Goodpasture syndrome 
Behcet disease 

Rheumatoid arthritis 
Infectious Pneumococcal associated-HUS 
Neoplastic Leukemia 

Drugs Penicillamine 
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Box 24-2 Differential Diagnosis of 
Renal—Dermal Vasculitic 


Syndromes 


e Anti-neutrophil cytoplasmic antibodies-small vessel 
vasculitides (ANCA-SVV) 

e Systemic lupus erythematosus 

e Cryoglobulinemia 

e Henoch-Schonlein purpura 


Gastrointestinal, Skin, Eyes, Muscles, and Nerves 

Disease of the gut results in ischemia and hemorrhage. 
Ocular involvement includes episcleritis, uveitis, propto- 
sis and optic nerve ischemia. Migratory arthralgias and 
arthritis occur. Cardiac involvement results in ischemia. 
Neurological presentation is usually with focal motor or 
sensory deficits secondary to mononeuritis multiplex. 
Central nervous system involvement is uncommon. The 
skin lesion is a leukoclastic vasculitis that produces red 
macular and papular lesions. There may also be erythe- 
matous tender nodules, ulcerations, livedo-reticularis, 
ecchymoses, and urticaria. Skin-renal involvement occurs 
in 30% of patients (Box 24-2). 


DIAGNOSIS 


The diagnosis of ANCA-associated vasculitis is made on 
the basis of the clinical findings, by biopsy of a relevant 
involved organ (typically kidney, nasal mucosa, or occa- 
sionally lung) and the presence of ANCA. Testing for ANCA 
using both indirect immunofluorescence and antigen- 
specific enzyme-linked immunosorbent assay (ELISA) is 
recommended and provides a high sensitivity (approxi- 
mately 99%) and good specificity (approximately 70%).> 


Imaging Studies 


In WG, computed tomography scanning or magnetic 
resonance imaging may reveal interstitial densities 
consistent with pulmonary vasculitis or hemorrhage. 
Imaging of the sinus may show sinusitis with nasal septal 
erosions. 


Serological Studies 


Appropriate serologic studies include anti-nuclear 
antibody (Ab) (ANA), dsDNA Ab, anti-GBM Ab, anti- 
DNase B Ab, ANCA titers, and complement C3 and C4. 
The ANCA-associated SVV is characterized by normal 
serum C3 and C4 concentrations. There may be an 
elevated erythrocyte sedimentation rate (ESR), as well as 
leukocytosis, thrombocytosis, and anemia. 
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Anti-Neutrophil Cytoplasmic Antibodies 

SVV are characterized by the presence of circulating 
ANCA. The two predominant patterns of ANCA staining 
seen on indirect immunofluorescence with ethanol-fixed 
neutrophils are cytoplasmic and peri-nuclear. Approxi- 
mately 90% of cytoplasmic staining ANCA (C-ANCA) 
reacts with serine proteinase 3 found within neutrophil 
azurophilic granules (PR3-ANCA), whereas 90% of the 
perinuclear staining ANCA (P-ANCA) react with myeloper- 
oxidase found in neutrophil azurophilic granules and in 
lysosomes (MPO-ANCA) (Box 24-3). Specific and sensi- 
tive ELISA testing using purified PR3 and MPO is now 
available, and this has enhanced sensitivity. Up to 90% of 
patients with MPA have circulating anti-MPO ANCA by 
ELISA, whereas 80% of patients with WG have circulating 
PR3-ANCA.!4 


PATHOLOGY 


The characteristic pathologic lesion of the ANCA- 
associated SVV is fibrinoid necrosis of the capillaries 
and venules with leukocyte infiltration that includes 
PMN. Involvement of the arterioles and small arteries is 
common. The glomerular lesions in MPA typically begin 
focally and progress through four histologic stages, 
as seen by light microscopy (Box 24-4). Uninvolved 
glomerular segments appear normal. Granulomatous 
lesions may be found on renal or more frequently on 
pulmonary biopsy of patients with WG. Vascular lesions 
in other organs are common, with lungs the most 
frequently affected, although renal involvement may be 
the only manifestation. The lungs may show multiple 
necrotizing and non-necrotizing granulomas and 
vasculitis with irregular endothelial cell proliferation in 
WG patients. Glomerular crescents are composed of 
proliferating visceral capsular epithelial cells, of fibrin, 
basement membrane-like material, and mononuclear 
cells. Immunofluorescence microscopy of the kidney 
typically shows little or no deposits, hence the term 
pauci-immune. 18 


Box 24-3 Clinical Indications for ANCA 


Testing in Children 


Rapidly progressive glomerulonephritis 
Pulmonary-renal syndrome 

Cutaneous vasculitis with systemic features 

Nodular lung disease 

Upper airway disease, especially where tissue damage 
is suspected 

Mononeuritis multiplex and peripheral neuropathy 
Retro-orbital mass of unknown etiology 


Box 24-4 Histological Stages of 
Microvascular Polyangiitis 


(MPA) 


¢ Endothelial activation, swelling, de-adherence, 
necrosis and platelet deposition 

Focal and segmental inflammation with thrombosis 
Intracapillary infiltration of leukocytes (polymor- 
phonuclear leukocytes/monocytes) 

Extra-capillary accumulation of mononuclear cells in 
Bowman’s space 

Occasional disruption of Bowman’s capsule 
Healing through apoptosis, or scarring by sclerosis 
Periglomerular tubulointerstitial inflammation may 
also be present 


TREATMENT 


Induction and Maintenance Therapy 


Initial therapy requires the use of cyclophosphamide 
and corticosteroids, with additional therapy such as dialy- 
sis and or plasmapheresis for patients with life-threatening 
or organ-threatening disease.” !° The risks of maintenance 
therapy have to be balanced against the risks of disease 
relapse, which varies from 25 to 50% over a 3- to 5-year 
period. The combination of prednisone and cyclophos- 
phamide, which is presently considered standard ther- 
apy, leads to control of disease in 80-90% of patients. 
There is little role for the use of prednisone alone as it is 
associated with a lower remission rate (56% versus 85%), 
a higher relapse rate, and a higher mortality rate when 
compared with combined cyclophosphamide and pred- 
nisone. Intravenous methylprednisone is prescribed for 
patients with severe disease who have either rapidly 
progressive glomerulonephritis (RPGN) or respiratory 
failure, and this is then followed by oral corticosteroid 
therapy. Cyclophosphamide is administered either intra- 
venously or orally.’ The optimal duration of cyclophos- 
phamide therapy varies, and depends on the clinical 
response. Prolonged treatment is not unusual; however, 
it is associated with serious side effects. Adults treated 
with prolonged courses of oral cyclophosphamide have 
up to a 15% incidence of transitional cell carcinoma of 
the bladder and an increased incidence of lymphoma; 
the incidence is lower in children. 

In practice, patients who achieve prompt and 
complete remission within 6 months of initiating ther- 
apy can stop treatment, but they require close follow-up. 
Treatment should be continued for 12 months in those 
with persistently active disease at 6 months. Azathioprine 
or methotrexate may be of benefit, either as mainte- 
nance therapy to prevent relapse or for patients with 
normal renal function. Nevertheless, although long-term 


remission may be achieved, relapses occur in up to 40% 
of patients. Vasculitic relapses may require repeat courses 
of prednisone and cyclophosphamide and longer 
periods of maintenance immunosuppression. 

An alternative to azathioprine is methotrexate admin- 
istered weekly. Methotrexate can be used as induction 
and maintenance therapy in WG, without threatened vital 
organ function.!© Methotrexate is contraindicated with 
ESRD because of the risks of hepatic and bone marrow 
toxicity. 

Mycophenolate mofetil (MMF) is an alternative to 
azathioprine. Patients who cannot receive cyclophos- 
phamide and who relapse on azathioprine may respond 
to MMF. There is however a large variability of plasma 
concentrations of the drug between individuals, and 
monitoring of plasma concentrations of MMF should be 
considered. 

The use of cyclosporine as an alternative agent to 
cyclophosphamide is associated with a higher relapse rate. 

Colonization of the upper respiratory tract by Staph. 
aureus may increase the risk of disease relapse, and use 
of sulfamethoxazole/trimethoprim reduces the risk of 
respiratory relapse.!> 


Renal Replacement Therapy 


Up to 20% of patients with ANCA-associated SVV and 
glomerulonephritis require dialysis at the time of diag- 
nosis, and half come off dialysis within 8-12 weeks. 
Dialysis-dependent patients require treatment for at least 
8-12 weeks with pulse methylprednisone and oral pred- 
nisone. In patients whose renal function improves, the 
corticosteroid treatment is continued and cyclophos- 
phamide is started. Patients with ESRD in clinical remis- 
sion with negative or stable ANCA titers are suitable 
candidates for transplantation. Transplantation should 
be deferred for patients who have a negative ANCA titer 
that suddenly increases.!° Recurrence of disease follow- 
ing transplantation may occur in organs other than the 
kidney. The relapse rate for WG is appreciably lower in 
patients receiving azathioprine than in those treated 
with cyclosporine (20% versus 71%), and a lower recur- 
rence rate occurs when a triple regimen in which 
azathioprine/MMF or cyclophosphamide is added to 
cyclosporine/tacrolimus and corticosteroids. 


Refractory and Relapsing Disease/Future 
Therapeutic Options 


Standard induction therapy fails to induce remission 
in approximately 10% of patients. A further difficult 
patient group comprises those who frequently relapse, 
necessitating recurrent use of cyclophosphamide. Both 
of these groups have a high risk of side effects from 
cyclophosphamide due to the high cumulative dose of 
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MAJOR POINTS 


¢ The most important indicators of prognosis are 
pulmonary hemorrhage and severity of renal failure 
at initial diagnosis. 

¢ Suspect Wegener granulomatosis in children with 
combinations of severe or recurrent sinusitis, 
radiographic pulmonary findings suggestive of 
granulomas, or glomerulonephritis. 


the drug that is accrued. Alternative strategies have 
involved the use of TNF-a blockade,!” polyclonal antithy- 
mocyte globulin (ATG), monoclonal anti-T-cell antibodies, 
deoxyspergualin (DSG), immunoablation using high-dose 
cytotoxic medication followed by stem cell rescue, 
leflunomide, and blockade of pro-inflammatory cytokines 
including interleukin-1 and anti-CD20 monoclonal anti- 
body (rituximab) which causes lysis of B cells. 


OUTCOME 


Treatment has converted this previously rapidly fatal 
disease into a chronic relapsing disorder that is associ- 
ated with accumulative morbidity and mortality related 
to both disease activity and to treatment toxicity. 
Treatment must be tailored to the acuity and severity of 
disease, remembering to balance the dangers of disease 
against those of treatment. Although the average life 
expectancy without therapy is only 5 months, and 1-year 
survival is less than 20%, corticosteroids alone doubles 
life expectancy. The addition of cyclophosphamide results 
in a 72% decrease in mortality and a 1-year life expectancy 
of over 80%. 
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INTRODUCTION 


Systemic lupus erythematosus (SLE) is a multisystem 
autoimmune condition caused by the pathological produc- 
tion of autoantibodies and tissue deposition of immune 
complexes. Some 15% of SLE patients present in child- 
hood. SLE has a predilection to cause renal disease that 
is frequently present at diagnosis and is responsible for 
significant morbidity and mortality. It is essential that all 
pediatricians should be able to diagnose SLE accurately, 
and to understand the potential complications and ther- 
apeutic options. 


EPIDEMIOLOGY 


Susceptibility to SLE is the result of a combination 
of genetic and environmental factors. The incidence 
is 2-8 per 100,000 and the prevalence is 20-60 per 
100,000. Approximately 85% of patients are female. The 
female:male ratio increases after puberty and before 
menopause. Males with lupus have increased risks of 
hypertension, renal insufficiency, glaucoma, thrombosis, 
and myocardial infarction. In childhood, there is an 
increased incidence of nephritis, hematological involve- 
ment, malar rash, and chorea.” Blacks have an increased 
incidence of nephritis (Box 25-1). 


PATHOPHYSIOLOGY 
SLE is a complex disorder in which genetic and envi- 
ronmental factors interact to cause immune dysregulation, 


autoantibody production, immune complex formation, 
and subsequent inflammation and tissue destruction. 
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Box 25-1 Factors Associated with 
an Increased Risk of 


Developing SLE 


Hormonal Estrogen 

Race Blacks (three-fold greater risk versus 
whites) 

Environmental Silica dust, hair dyes, solvents, 
uncooked L-canavanine in alfalfa 
sprouts 

Medications Procainamide, isoniazid, quinidine, 
hydralazine, etanercept, 
infliximab, and minocycline 


Different contributions of susceptibility genes and envi- 
ronmental triggers may be responsible for the pleo- 
morphic nature of the illness. 

Monozygotic twins and first-degree relatives are at 
greatly increased risk. Defects in the production of early 
complement components increase the susceptibility to 
develop SLE. Certain HLA haplotypes (e.g., DR2, DR3) 
are associated with SLE, and some extended haplotypes 
may modify SLE expression (e.g., nephritis). Many non- 
HLA-associated genes such as Fcy receptor alleles 
and cytokine polymorphisms are associated with SLE. 


Ultraviolet light can trigger SLE by inducing apoptosis in 
keratinocytes. During this process, nuclear proteins are 
transported to the surface of cells and exposed to 
T cells that may be predisposed to recognize them as 
autoantigens. Sustained abnormal autoantibody produc- 
tion, complement activation, immune complex forma- 
tion and clearance are the result of defects of multiple 
facets of the immune system. B cells are increased in 
number at all stages of development, are more active in 
secreting immunoglobulin, and are more responsive to 
cytokine stimulation. T cells are activated, skewed to a 
Th2 phenotype, and preferentially support autoantibody 
production. Suppressor T cells in SLE may enhance the 
activity of autoreactive B cells, or fail to down-regulate 
these cells. Fey receptor polymorphisms may lead to 
abnormal clearance of immune complexes by monocytes 
and macrophages and promote tissue deposition and 
inflammation. !? 


CLINICAL MANIFESTATIONS 


The classification system used to aid diagnosis is shown 
in Table 25-1.!4 Four of 11 diagnostic criteria must be 
met to make a definite diagnosis of SLE. The criteria are 
relatively sensitive and specific in children, but they 
do not completely account for all the life-threatening, 


Table 25-1 American College of Rheumatology Criteria for the Diagnosis of SLE 


Malar rash 
Discoid rash 


occur in older lesions 


Photosensitivity 


¢ Fixed erythema, flat or raised, over the malar eminences, tending to spare the nasolabial folds 
Erythematous raised patches with adherent keratotic scaling and follicular plugging; atrophic scarring may 


Skin rash as a result of unusual reaction to sunlight, by patient history or physician observation 


Oral ulcers 
Arthritis 
Serositis 

Renal disorder 


Neurologic disorder 


Hematologic disorder 


Immunologic disorder 


Antinuclear antibody 


Oral or nasopharyngeal ulceration, usually painless, observed by physician 

Non-erosive arthritis involving two or more peripheral joints, characterized by tenderness, swelling, or effusion 

Pleuritis - convincing history of pleuritic pain or rubbing heard by a physician, or evidence of pleural effusion; or 

Pericarditis - documented by ECG or rub, or evidence of pericardial effusion 

Persistent proteinuria greater than 0.5 g per day, or greater that 3+ if quantitation not performed; or 

Cellular casts - may be red cell, hemoglobin, granular, tubular, or mixed 

Seizures or psychosis - in the absence of offending drugs or known metabolic derangements; e.g., uremia, 

ketoacidosis, or electrolyte imbalance 

Hemolytic anemia - with reticulocytosis; or 

Leukopenia - less than 4000 per mm} total on two or more occasions; or 

Lymphopenia - less than 1500 per mm? on two or more occasions; or 

Thrombocytopenia - less than 100,000 per mm? in the absence of offending drugs 

Positive finding of anti-dsDNA antibodies; or 

Positive finding of anti-Smith antibodies; or 

Positive finding of antiphospholipid antibodies based on: 

i. abnormal serum level of IgG or IgM anticardiolipin antibodies; or 

ii. positive test result for lupus anticoagulant using a standard method; or 

iii. false-positive serologic test for syphilis know to be positive for at least 
6 months and confirmed by Treponema pallidum immobilization or fluorescent treponemal antibody 
absorption test 

An abnormal titer of antinuclear antibody by immunofluorescence or an equivalent assay at any point in time 

and in the absence of drugs known to be associated with ‘drug-induced lupus’ syndrome 


Data from Hochberg MC. Updating the American College of Rheumatology revised criteria for the classification of systemic lupus erythematosus [letter]. Arthritis 


Rheum 1997;40:1725. 


painful, debilitating, and disfiguring manifestations of SLE. 
In addition, a major disease such as nephritis may obscure 
vague findings, such as poor school performance that 
may be an important cognitive effect of neuropsychiatric 
lupus. Subtle, important, disease effects must be pro- 
actively assessed and treated. 


Lupus Nephritis 

Lupus nephritis affects 60-80% of pediatric patients, 
with significant morbidity and mortality. Children may 
present with the nephritic syndrome, nephrotic syndrome 
or nephritic-nephrotic syndrome. Variable proteinuria is 
seen in most patients with lupus nephritis, with greater 
than 3 g/24 hours in 55% of patients. Microscopic hema- 
turia is found in 79% of patients, and less than 2% have 
macroscopic hematuria. Hypertension is seen in 40%. 
Acute renal failure is rare, but the glomerular filtration 
rate (GFR) is abnormal in about half of the patients. 
Other renal manifestations of lupus nephritis are tubulo- 
interstitial nephritis, renal arterial or venous thrombosis, 
thrombotic microangiopathy as part of thrombotic 
thrombocytopenic purpura (TTP) and the antiphospho- 
lipid syndrome (APS). Cystitis may occur as a complica- 
tion that is independent of cyclophosphamide. Transverse 
myelitis and inflammatory polyneuropathy may cause a 
neurogenic bladder. 


Clinical Evaluation 

Measurement of proteinuria, microscopic analysis for 
red blood cells, white blood cells and casts, and serum crea- 
tinine concentration are followed regularly. Measurement 
of antibodies directed against double-stranded DNA 
(anti-dsDNA) and decreased serum levels of complement 
components C3 and C4 may reflect disease activity. 
Hypocomplementemia is found in a significantly greater 
percentage of patients with nephritis (75% versus 49%; 
p<0.01). These parameters are useful to follow over 
time, as increasing anti-dsDNA titers and decreasing 
complement levels may herald a lupus flare, particularly 
in a patient with established nephritis. 

Renal biopsy is indicated for patients with proteinuria 
greater than 1 g per 24 hours, an active urinary sediment, 
or an elevated serum creatinine concentration. 


Pathology 

The World Health Organization (WHO) classification 
(Table 25-2) stratifies patients for studies in clinical trials, 
and predicts outcomes. This incorporates findings of light 
microscopy (LM), immunofluorescence (IF) and electron 
microscopy (EM), to determine the severity and chronicity 
of renal damage. The biopsy findings are initially described 
prior to their allocation to a specific WHO histologic 
class. LM findings vary from minimal mesangial prolifera- 
tion to crescentic proliferative necrotizing GN. IF shows 


Systemic Lupus Erythematosus 193 


Table 25-2 World Health Organization Classification 


of Lupus Nephritis 


Class I Normal 

Class II Mesangial glomerulonephritis 

Class III Focal proliferative glomerulonephritis 
Class IV Diffuse proliferative glomerulonephritis 
Class V Diffuse membranous glomerulopathy 
Class VI Glomerular sclerosis 


specific patterns of immunoglobulin (dgG, IgM, IgA) 
and complement (C3, Clq) deposition and differentiates 
between mesangial and capillary wall immune deposi- 
tion. When all of these components are present on IF this 
is called a ‘full house’ pattern. EM gives ultrastructural infor- 
mation about the presence or absence of immune deposi- 
tion and their location (.e., mesangial, subendothelial, 
subepithelial, or intramembranous). 

Normal glomerular architecture is found in 6% of 
biopsies of lupus nephritis. A focal segmental glomerulo- 
nephritis (FSGS) and focal proliferative glomerulo- 
nephritis (FSGN) is present in 23% of children with 
lupus nephritis. Varying degrees of capillary obliteration, 
necrosis, proliferation, and scarring may be present. 
Diffuse proliferative glomerulonephritis (DPGN) is seen 
in about 43% of biopsy specimens. The glomerulus shows 
lobular hypercellularity with areas of necrosis, often with 
crescent formation. Sclerosis indicates chronic scarring. 
Mesangial hypercellularity is present in FSGS and DPGN. 
EM reveals mesangial and subendothelial deposition of 
immune complexes in FSGN and DPGN, with IF positive 
centrally in the mesangium and peripherally in capillary 
loops. A membranous glomerulopathy (MGN) may also 
contain mesangial or more worrisome proliferative lesions 
in 9% of biopsy specimens. The principal finding in MGN 
is diffuse, uniform thickening of the GBM, creating a 
‘wire-loop’ appearance on microscopy. EM shows sub- 
epithelial and intramembranous deposition of immune 
complexes with BM spikes, the so-called ‘spike and dome’ 
pattern. IF reveals a peripheral granular pattern with or 
without mesangial involvement. Extraglomerular lesions 
include varying severity of interstitial inflammation and 
sclerosis, tubular dropout, and vascular changes such as 
arteritis or thrombotic microangiopathy. 


Renal Outcomes 

The WHO classification predicts nephritis progression. 
Up to 75% of children with DPGN develop end-stage renal 
disease.!” Clinical markers of adverse renal outcomes 
include elevated serum creatinine concentration, persist- 
ent hypertension, chronic anemia, and nephrotic range 
proteinuria.” Data from adult series shows that severe 
FSGN may have a similar prognosis to DPGN. Renal and 
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patient survival approaches 90% in severe nephritis. 
Patients with a pure membranous lesion may develop 
nephrotic syndrome and hypertension, but the long-term 
outcome is generally good, with few patients progress- 
ing to renal failure. Proliferative changes in combination 
with MPN have a graver prognosis. 


Extra-Renal Manifestations 


Neuropsychiatric SLE (NP-SLE) 

NP-SLE occurs in 30% of children.+?4 The nomencla- 
ture for the classification of 19 neuropsychiatric SLE 
syndromes is shown in Table 25-3. NP-SLE is associated 
with anti-neuronal antibodies, antiphospholipid antibod- 
ies, and rarely a discrete vasculitis. NP-SLE can be fulmi- 
nant and life-threatening with seizures, status epilepticus, 
coma, transverse myelitis and stroke. Or, it may be insidi- 
ous with psychiatric and cognitive disturbances. Seizures 
must not be attributed to NP-SLE if a known predispos- 
ing factor such as infection or trauma is present. The 
seizure may be focal or generalized. Cerebrovascular 
accidents are often the result of the APS. Strokes may be 
the result of arterial or venous thrombi or emboli from 
the heart. Acute symptoms such as headache, weakness, 
altered mental status, and paresis depend on the anatomic 
location of the thrombus. A small vessel vasculopathy 
without vasculitis is often found on biopsy or autopsy. 
Patients with NP-SLE may have frank psychosis with 
visual, auditory, or tactile hallucinations. Their behavior 
may be withdrawn, depressed, labile, or disorganized. 
Depression and anxiety can be part of an adjustment 
disorder or a maladaptive response to chronic illness. 
Deteriorating school performance, non-adherence to 
medical regimens, and altered sleep patterns may be 
symptoms of organic brain disease.?> An ‘acute confu- 
sional state’ or delirium may be present at diagnosis, but 
impairment of memory, concentration, and intellect may 
be insidious, even in the absence of more overt signs and 
symptoms of NP-SLE. Tension headaches and migraines 
are common. A ‘lupus headache’ is prolonged and 
intractable. Fatigue, anxiety, and depression are common 
features in SLE patients with headaches (Box 25-2). 


Box 25-2 Useful Tests for Evaluating 


NP-SLE 


• Lumbar puncture for infection or bleeds; pleocytosis 
and/or elevated protein 

* Computed tomography (CT) for hemorrhage, focal 
lesions, ventriculomegaly, or atrophy 

e MRI is more sensitive for detecting white matter 
lesions and early ischemia!! 

¢ MR angiography for thrombosis of proximal 
intracranial vasculature. This is not as sensitive as 
conventional angiography in defining distal 
abnormalities of small caliber vessels. 

° Electroencephalography (EEG) may yield normal 
results 

¢ Antibodies include anti-ribosomal P (serum) and 
anti-neuronal and/or oligoclonal bands (CSF) 

e Neuropsychological testing is valuable to assess 
cognitive dysfunction and to develop a plan for 
specialized attention at school 


Cardiovascular 

Cardiac pathology occurs in 40% of children with SLE.!? 
The pericardium, myocardium, conduction system, valves, 
and coronary arteries are targets. Symptomatic pericardi- 
tis occurs in 25% of cases, either in isolation or as part of 
a generalized serositis. Patients present with precordial 
pain, radiating to the left shoulder or back that can be 
associated with fever, cough, or dyspnea. There may be 
tachycardia, distant heart sounds, and a friction rub. 
Electrocardiography reveals low voltages, mild ST-segment 
elevation, and T-wave inversion. Chest X-radiography 
shows an enlarged cardiac silhouette, and an echocardio- 
gram is diagnostic. The pericardial fluid is exudative. 
Cardiac tamponade occurs in less than 1% of patients. 
The pathogenesis of the cardiomyopathy is multifac- 
torial: it may be an autoimmune phenomenon, or it may 
be secondary to atherosclerosis, hypertension, or anti- 
malarial therapy. Presenting symptoms include dyspnea, 
orthopnea, cough, palpitations, and exercise intoler- 
ance. A physical examination reveals tachycardia, an S3 


Table 25-3 Defined Neuropsychiatric Syndromes in SLE 


Central Nervous System 


Peripheral Nervous System 


Aseptic meningitis 
Cerebrovascular disease 
Demyelinating syndrome 


Headache Mood disorder 
Chorea Psychosis 
Myelopathy Seizures 


Acute confusion 
Anxiety disorder 
Cognitive dysfunction 


Guillain-Barré syndrome 
Autonomic disorder 
Mononeuropathy 
Myasthenia gravis 
Cranial neuropathy 
Plexopathy 
Polyneuropathy 


gallop, and rales. Chest X-radiography shows cardiac 
enlargement, with varying degrees of pulmonary edema. 
Echocardiography shows diminished ventricular systolic 
function. Heart block (1st, 2nd, and 3rd degree), atrial 
fibrillation, and atrial or premature ventricular contrac- 
tions may the result of an autoimmune phenomenon. 
In the neonatal lupus syndrome, transplacental transfer 
of maternal autoantibodies (anti-SS-A, SS-B) may cause 
congenital complete heart block. Valvular disease is a 
common finding, but may be asymptomatic and unre- 
lated to overall lupus activity. In adults, valvular abnor- 
malities were found in 61% and 53% of lupus patients on 
an initial and follow-up transesophageal echocardiogra- 
phy, respectively. The mitral and aortic valves are most 
commonly affected. Libmann-Sachs endocarditis is a 
non-infectious inflammatory condition in SLE that can 
simulate bacterial disease. Dyslipidemia, premature athero- 
sclerosis, and myocardial infarction are complications of 
juvenile SLE.!° The dyslipidemia may be secondary to 
the underlying disease, corticosteroid use, or both. An 
increased carotid intima-media wall thickness can occur 
in young lupus patients with nephrotic-range proteinuria. 


Respiratory 

The pleura, lung parenchyma, pulmonary vasculature, 
and respiratory muscles may become involved in the 
disease process.’ Pleuritis is the most common pulmonary 
manifestation. It may be clinically silent, but often causes 
fever, cough, dyspnea, and chest pain on deep inspira- 
tion. Physical findings include a pleural friction rub and 
diminished breath sounds. Chest radiography may reveal 
a pleural effusion. This is typically exudative (Box 25-3). 

Lupus pneumonitis is potentially fulminant. It pres- 
ents with fever, cough, dyspnea, chest pain, and unilat- 
eral or bilateral infiltrates. This must be distinguished from 
infection often as a diagnosis of exclusion. Pathologic 
features are non-specific, but immunofluorescence may 
reveal immune deposition. Alveolar hemorrhage can be 
catastrophic and is often associated with nephritis. 
Hemoptysis occurs in 50% and often progresses to respi- 
ratory failure. Pulmonary hypertension may be the result 
of chronic thromboembolic disease or parenchymal lung 


Box 25-3 Causes of Pleural Effusions in 


Patients with Lupus 


e Pleuritis 

¢ Pulmonary embolism 

¢ Pulmonary hemorrhage 
¢ Infection 

e Pneumonitis 

e Congestive heart failure 
¢ Hypoalbuminemia 
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disease, and is associated with antiphospholipid anti- 
bodies and Raynaud’s phenomenon. 

Shrinking lung syndrome is characterized by progres- 
sive dyspnea and exercise intolerance, with elevated 
hemidiaphragms on chest radiography. The etiology may 
be respiratory muscle weakness secondary to myopathy 
or neuropathy. Asymptomatic alterations in pulmonary 
function testing have been noted commonly with restric- 
tion and diminished diffusion capacity.’ 


Hematologic 

Lupus commonly affects the hematologic system, 
resulting in aberrant production or accelerated destruction 
of leukocytes, platelets, or erythrocytes. The cytopenias 
may be specifically autoimmune, or the result of more 
complex phenomena such as TTP or a hemophagocytic 
syndrome. Thrombocytopenic patients with APS are 
at risk of thrombosis, despite markedly low platelet 
counts. In a study of childhood-onset TTP, 26% fulfilled 
the American College of Rheumatology (ACR) criteria 
for the diagnosis of SLE, and 23% were found to have 
incipient SLE (Box 25-4).? 


Musculoskeletal 

Limb and joint pain is seen in the majority of children 
with SLE, and is often the presenting complaint. Symptoms 
of inflammatory joint pain include morning stiffness and 
gelling (pain with rest, for example after a long class or 
automobile trip). In contrast, mechanical joint pain usually 
improves after a period of rest. The patient may have 
arthralgias - that is, joint pain without objective signs of 


Box 25-4 Hematologic Abnormalities 


in SLE 


(<4000 per mm?) and 
lymphopenia (<1500 per mm?) 
in about 50% of cases 

In 15% secondary to anti- 
neutrophil antibodies, 
anti-G-CSF antibodies, 
myelofibrosis, marrow aplasia, 
or increased apoptosis 

In 10% at presentation and 25% 
overall 

Anemia e Anemia of chronic disease in 
one-third of patients 

e Iron deficiency in one-third of 
patients 

e Autoimmune hemolytic 
anemia in one-sixth of patients 

e Chronic renal failure 

e Anti-erythropoietin antibodies 
in one-fifth of patients 


Leukopenia 


Neutropenia 


Thrombocytopenia 
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inflammation, such as swelling, effusion, deformity, or 
limitation of range of motion. Arthritis, in which objective 
signs are present, may involve any number of joints, may 
be symmetric, additive, or migratory. Characteristically, 
erosions do not develop, nor does chronic loss of 
function. Ligamentous laxity in the joints of the hand is 
characteristic of lupus. 

Inflammatory myositis is rare in lupus but may be 
indicative of an overlap syndrome, such as mixed connec- 
tive tissue disease (MCTD). Proximal muscles are more 
commonly affected, as in dermatomyositis. Creatine 
kinase, aldolase, aspartate aminotransferase, and lactate 
dehydrogenase may be elevated. Infectious causes 
Gnfluenza B) and medications (HMG-CoA reductase 
inhibitors) can also cause myositis. 

Osteopenia and osteoporosis are common, and 
result from underlying disease activity, diminished weight- 
bearing activity, malnutrition, amenorrhea, corticosteroid 
use, and cytokine effects on bone. Avascular necrosis 
(AVN) is a serious complication in 15% of patients.2°7! 
The pain is usually a deep ache that may awaken the 
patient, with or without movement. AVN occurs in one 
or both femoral heads and also in the knees, shoulders, 
elbows, and ankles. SLE AVN is associated with cortico- 
steroid use, arthritis, and cytotoxic therapy. The hip 
must be imaged to assess for early, asymptomatic 
involvement in patients diagnosed with AVN in a joint 
other than the hip. MRI is the most sensitive modality. 


Gastrointestinal 

Abdominal pain is a difficult complaint to assess in lupus 
as its underlying cause may be benign or catastrophic.”° 
The symptoms and signs of acute abdominal processes 
may be masked in patients on corticosteroids. The abdom- 
inal complications of SLE are listed in Table 25-4. 

Pancreatitis is a life-threatening complication of lupus, 
antiphospholipid antibodies, glucocorticoids, or azathio- 
prine. It typically presents with epigastric pain that radi- 
ates to the back with fever and emesis and progression 
to hypovolemic shock. 

Mesenteric vasculitis, with or without bowel infarc- 
tion, and mesenteric thrombosis are difficult to differen- 
tiate. Presenting symptoms and signs are fever, vomiting, 


Table 25-4 Gastrointestinal and Hepatic 


Manifestations of SLE 


Pharyngitis Mesenteric vasculitis 
Dysphagia Bowel infarction/perforation 
Esophagitis Pancreatitis 

Peptic ulcer Hepatomegaly 

Peritonitis Jaundice 

Protein-losing enteropathy Hepatitis 


Ulcerative/lupus colitis Budd-Chiari syndrome 


diarrhea with or without blood, abdominal pain, disten- 
tion, quiet bowel sounds and rebound tenderness. 
X-radiography and computed tomography scanning 
may reveal bowel wall edema, or air-fluid levels. In 
extreme cases of suspected bowel infarction, visceral 
angiography is helpful to define the location of an 
arterial thrombus. Liver enzyme abnormalities occur in 
one-third of patients, but this rarely progresses to liver 
failure. 


Dermatologic 

Mucocutaneous involvement in lupus is common 
(75%), and a variety of eruptions are seen (Box 25-5). 
Four of 11 ACR criteria for the diagnosis of lupus involve 
the skin and mucosal surfaces of the mouth and nose 
(e.g., malar and discoid rashes, photosensitivity, and oral 
or nasal ulceration). !° Some patients with cutaneous 
lesions do not fulfill ACR criteria for the diagnosis of SLE 
and are labeled ‘Cutaneous Lupus Erythematosus.’ 


SEROLOGIC EVALUATION 


Positive tests for: (1) antinuclear antibodies (ANA); 
and (2) an ‘immunologic disorder’ (anti-dsDNA, anti- 
Smith antibodies (anti-Sm), anti-cardiolipin antibody 
(anti-CL), lupus anticoagulants, and a false-positive rapid 
plasma reagin (RPR) test comprise two of the 11 ACR 
criteria for the diagnosis of SLE. There are, however, 
many other autoantibodies with pathologic significance 
in lupus.!? 


Box 25-5 Dermatologic Manifestations 


of SLE 


e Malar rash or ‘butterfly rash’ is erythematous, raised, 

and spares the nasolabial folds 

Discoid lupus appears on sun-exposed areas, is 

discrete, often annular with scale, and can leave scars 

Subacute cutaneous lupus erythematosus is 

papulosquamous; it can be confused with psoriasis 

e Photosensitivity 

e Oral/nasal ulceration is usually painless 

e Cutaneous vasculitis/purpura 

e Livedo reticularis is a lacy rash that is often seen 
with APS 

e Periungual erythema 

e Alopecia can be marked and may be secondary to 

cyclophosphamide 

Raynaud’s phenomenon is a painful condition that 

may cause digital ulceration. Finger(s) become white, 

blue, and/or red 

Rare manifestations are bullae, panniculitis, urticaria, 

Sweet syndrome 


Table 25-5 Antinuclear Antibodies (ANA) Patterns 


All of these patterns occur in SLE 
Peripheral Crim’) Autoimmune hepatitis dess common) 


Homogenous Autoimmune hepatitis 

Speckled Mixed connective tissue disease, scleroderma, 
Sjogren syndrome 

Nucleolar Scleroderma, dermatomyositis 

Centromere CREST (calcinosis, Raynaud’s phenomenon, 


esophageal dysmotility, sclerodactyly, 
telangiectasis 


Antinuclear Antibodies 


Antibodies to nuclear antigens are the sine qua non 
of lupus. The patient’s serum is exposed to a standard- 
ized cell line CHEp-2, human epithelial cell tumor), and 
immunofluorescence microscopy is performed. When 
an ANA is positive, the result is expressed as a titer. In 
the general population, the ANA will be positive at a titer 
of 1:40 in about 25-30% of cases and 1:160 in 5%. 

ANA testing has a sensitivity approaching 95%, but the 
positive predictive value is low in unselected persons. 

No pattern is specific for lupus or related conditions 
with the exception of the peripheral, or ‘rim’ pattern in 
patients with anti-dsDNA antibodies (Table 25-5). 


Antibodies to dsDNA 


Anti-dsDNA antibodies are specific for lupus, although 
some patients with autoimmune hepatitis are positive.?? 
These antibodies are associated with the development of 
lupus nephritis, and rising anti-dsDNA titers in conjunc- 
tion with falling serum complement levels may predict 
an impending lupus flare. Periodic monitoring of anti- 
dsDNA concentrations is routine in the care of lupus 
patients. These autoantibodies are pathogenic and have 
been eluted from renal lesions. 


Antibodies to Extractable Nuclear 
Antigens (ENAs) 


A variety of ENAs may yield clinically relevant infor- 
mation. Anti-Smith (anti-Sm) is found in 20-30% of lupus 
patients, and is associated with MGN. Antibodies to 
a specific ribonucleoprotein (anti-RNP) may correlate 
with lung, muscle, esophageal, and joint involvement in 
lupus, and are positive in high titers in mixed connective 
tissue disease. Anti-SS-A (Ro) and anti-SS-B (La) are posi- 
tive in 40% and 15% of lupus patients, respectively. They 
are also positive in Sjogren syndrome, subacute cuta- 
neous lupus erythematosus, and congenital complete 
heart block in neonatal lupus. Anti-Scl-70 is directed 
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against topoisomerase I, and may be present in high 
titers in individuals with scleroderma. Anti-Jo1, which is 
found to bind histidine tRNA synthetase, has been linked 
to lung disease, particularly in dermatomyositis. Anti- 
histone antibodies are seen with drug-induced lupus. 


Complement 


Individuals with deficiencies of early complement 
components have an increased risk of developing lupus, 
but decreases in serum complement levels are most 
often a sign of active disease. Total serum hemolytic 
complement activity (CH50) is useful in the identifica- 
tion of complement deficiencies. CH50, C3, and C4 are 
decreased in active SLE. 


MANAGEMENT OF LUPUS 


The optimal care of children with lupus starts with 
counseling patients and their families about the disease, 
with special attention to health maintenance measures, 
emotional support, recognition of disease complications, 
and education concerning medication side effects and 
adherence. Given the relatively small number of children 
with lupus, there are no randomized placebo-controlled 
trials of pharmacologic therapies. Treatment strategies 
are often extrapolated from studies in adults, or are based 
on anecdotal reports. A list of common drugs and 
dosages is given in Table 25-6. 


Table 25-6 Medications and Dosages in the 


Treatment of Lupus 


Hydroxychloroquine 5.0-6.5 mg/kg/day up to 
400 mg/day 
Aspirin (prophylaxis) 3-5 mg/kg/day up to 81 mg/day 


Prednisone/Prednisolone 1-2 mg/kg/day as starting dose. 
Increased doses increases efficacy 


and side effects 


Methylprednisolone 30 mg/kg/day IV for up to 3 days 
(pulse dosing) 

Methotrexate Up to 1 mg/kg/week, subcutaneous 
route preferred 

Azathioprine 1 mg/kg/day as starting dose, up to 


3 mg/kg/day maintenance dose 
1200 mg/m?/day (b.i.d.) up 
to 2 g/day. The starting dose 
depends on the WBC count 
IV: 750 mg/m?/month increasing 
to 1 g/m? if WBC count is 
>2500 per mm? at nadir 
Oral: 1-3 mg/kg/day (q.d.) 
depending on WBC count as above 


Mycophenolate mofetil 


Cyclophosphamide 

Must ensure adequate 
hydration to prevent 
hemorrhagic cystitis 
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Health Maintenance 


The lives of both the family and the child are up-ended 
with the diagnosis of a chronic illness. Matters of healthy 
living which were previously taken for granted, such as 
diet, exercise, and sun protection become more important. 
The pediatrician should play a role in assuring that proper 
adaptations are made for school (e.g., two sets of books, no 
timed tests, extra time between classes, early tutoring if 
school days are missed, appropriate physical education 
classes), so that chances of success are maximized. 
Children on corticosteroids may have difficulty with their 
peers if they gain weight and develop cushingoid features. 
Early onset of atherosclerotic disease requires monitoring 
of fasting serum cholesterol, LDL, HDL, and triglycerides. 
Regular aerobic exercise, weight loss, cessation of smok- 
ing, and a diet low in fat should be encouraged. A nutri- 
tional evaluation and institution of a National Cholesterol 
Education Program (NCEP) Step I diet is recommended for 
hyperlipidemia. There are no formal recommendations for 
cholesterolLlowering medications in childhood lupus. 
Patients on long-term glucocorticoid therapy appear to 
be at particular risk for bone problems. Adequate weight- 
bearing exercise, calcium (minimum 1200 mg/day), and 
vitamin D intake (plain or activated, particularly if on 
chronic glucocorticoids) is encouraged, and a DXA scan 
should be performed periodically. There are no data avail- 
able on the long-term effects of bisphosphonates in adoles- 
cents for the treatment and prevention of osteoporosis. 
Contraception should be discussed with fertile female 
lupus patients. Oral contraceptives containing estrogen 
may be unsafe for patients at risk for thrombosis, and 
low estrogen or progesterone-only methods should be 
used. Patients on warfarin, methotrexate, or cyclophos- 
phamide must be counseled about teratogenic side effects. 
Alternative therapies must be initiated if a patient intends 
to become pregnant. Pregnancy is inadvisable in active 
disease. Sun avoidance and protection are important. 
Patients are encouraged to wear hats, long pants, and long 
sleeves. Routine application of sunscreen with UVA and 
UVB protection is imperative, and the sun protection factor 
(SPF) should be 15 or greater. Children need to be 
reminded to reapply the sunscreen after swimming, or 
activities that cause sweating. 

The administration of killed or component vaccines has 
not been shown to precipitate lupus flares. Yearly 
influenza vaccination is recommended. If the patient is 
immunocompromised, pneumococcal vaccination with 
the pneumococcal conjugate and polysaccharide vaccine 
is recommended (as per AAP guidelines). Live vaccines, 
such as the Varicella vaccine, MMR (measles, mumps and 
rubella), and oral poliovirus vaccine (OPV) may be danger- 
ous in immunocompromised hosts, and may cause true 
infections. 

Pneumocystis carinii (PCP) infections occur 
in lupus. Prophylaxis should be considered for 


glucocorticoid-treated patients, particularly those who 
are lymphopenic and are receiving other immunosup- 
pressive medications, such as cyclophosphamide. Since 
sulfonamides may cause lupus flares, dapsone or monthly 
inhaled pentamidine are alternative options for PCP 
prophylaxis. 


Conservative Therapies 


Mild manifestations of lupus, such as skin or musculo- 
skeletal disease, often respond to conservative pharma- 
cologic therapies. Topical corticosteroid preparations 
may be used for cutaneous lesions. Low potency, non- 
fluorinated steroid creams should be used on the face to 
avoid atrophy and telangiectasias. Medium-potency fluo- 
rinated formulations can be used on the limbs and trunk. 
Intralesional steroid injections may be useful for refrac- 
tory discoid lesions. 

Non-steroidal anti-inflammatory drugs (NSAIDS; e.g., 
ibuprofen, naproxen) may be used for the treatment of 
musculoskeletal pain, serositis, and headaches. Side effects 
are common, however, and include gastritis, ulcers, stom- 
atitis, hepatitis, and renal insufficiency. Therefore, NSAIDS 
must be used with caution in patients with lupus nephri- 
tis. Antimalarial drugs, primarily hydroxychloroquine, are 
used for the treatment of dermatologic manifestations, 
constitutional symptoms, arthralgias/arthritis, and may be 
protective against thrombosis. Proven to have a sun-block- 
ing, steroid-sparing effect, antimalarials appear to reduce 
the incidence of lupus flares. Side effects include nausea, 
abdominal cramps, diarrhea, and pigment changes of the 
hair or skin. Formal ophthalmologic screening including 
visual field testing is recommended every 6 months to 1 
year to screen for alterations in visual acuity, corneal 
pigment deposition, and retinopathy. Hydroxychloroquine 
can precipitate hemolysis in individuals with glucose 6- 
phosphate dehydrogenase (G6PD) deficiency. Careful 
management of hypertension in patients with nephritis is 
of the utmost importance, as sustained hypertension is a 
predictor of poor renal outcome. Angiotensin-converting 
enzyme (ACE) and angiotensin receptor inhibitors are the 
mainstay of therapy, particularly because of their beneficial 
effects in proteinuric patients. 


Immunosuppressive Medications 


Immunosuppressive medications are used to obtain 
rapid control of a lupus flare, and to maintain remission, 
particularly in patients with more severe manifestations. 
None of the medicines is curative, and all have benefits 
and risks. 


Systemic Corticosteroids 
These are potent immunosuppressives that have a rapid 
onset of action. The prolonged use of corticosteroids can 


Table 25-7 Side Effects of Glucocorticoid Therapy 


for Lupus 


Weight gain Myopathy Cataracts 
Cushingoid features | Osteopenia Glaucoma 

Acne Avascular necrosis Mood alteration 
Hirsutism Glucose intolerance Psychosis 

Striae Hypertension Adrenal suppression 
Pancreatitis Atherosclerosis Infection 


Gastritis/peptic ulcer 


cause many side effects (Table 25-7). For a lupus flare, the 
initial oral dose is usually 1-2 mg/kg/day. The tapering 
schedule depends on the indication and the patient, but 
usually occurs over 3 months. Methylprednisolone may 
be used as a ‘pulse’ in a high dose of 30 mg/kg up to 1 g, 
intravenously for 3 days for severe disease manifestations, 
such as lupus nephritis or NP-SLE. Additional immuno- 
suppressive agents are used to maximize disease control 
and maximize the likelihood that a patient will tolerate a 
careful reduction in the daily steroid dose. Thus, these 
medications have beneficial effects that are independent 
of steroids, but they are also steroid-sparing agents. 


Methotrexate 

Methotrexate is an inhibitor of the enzyme dihydro- 
folate reductase, and has anti-inflammatory and immuno- 
suppressive properties. Common indications are arthritis, 
serositis, and refractory cutaneous disease in SLE. There 
is also a corticosteroid-sparing effect in thrombocyto- 
penic patients. Side effects are relatively uncommon and 
include oral ulcers, fatigue, headache, abdominal 
discomfort, alopecia, myelosuppression, hepatitis, and 
rarely pneumonitis. Oral supplementation of folic acid 
can minimize hepatotoxicity and mucositis. 


Azathioprine and Mycophenolate Mofetil 

Azathioprine and mycophenolate mofetil (MMP) are 
used to treat some non-renal manifestations, but they 
are not as efficacious as cyclophosphamide for inducing 
a remission of severe lupus nephritis.» They are useful 
corticosteroid-sparing agents, and may help maintain 
renal remission. Side effects include myelotoxicity, hepati- 
tis, nausea, vomiting, diarrhea, hypersensitivity reactions, 
and possibly lymphoproliferative malignancies. 


Cyclophosphamide 

Cyclophosphamide is used to treat severe compli- 
cations of lupus, and is the most effective therapy for 
proliferative glomerulonephritis. In long-term studies, 
cyclophosphamide is more effective (90%) than steroids 
alone (20%) or with azathioprine (60%) in the preven- 
tion of renal failure.” Cyclophosphamide when given 
monthly as an IV pulse for 6 months for proliferative 
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nephritis, followed by an infusion every 3 months for 
3 years, results in a decrease in renal biopsy activity, and 
allows for a systematic reduction in corticosteroid 
dose.!” Cyclophosphamide may have beneficial effects 
on mortality.! This agent is increasingly used in NP-SLE, 
although there are no carefully constructed trials. Side 
effects include nausea, vomiting, hemorrhagic cystitis, 
alopecia, amenorrhea, infertility, and late onset of blad- 
der cancer and hematologic malignancies. MESNA and 
careful hydration can prevent hemorrhagic cystitis. 


Overview of Therapy for Lupus Nephritis 


Mesiangial inflammation does not require any specific 
treatment. Patients with proliferative glomerular lesions 
(FSGN, DPGN) are treated with glucocorticoids and 
cyclophosphamide. There is an increased risk of a renal 
flare off therapy in patients with a partial response to long- 
term therapy, who usually have low C4 levels and who are 
usually black.! The risk of an early transition after 6 
months of cytotoxic therapy with azathioprine or MMF, 
when compared to long-term therapy, has not been clearly 
established with controlled studies, but may be substantial. 
Therapeutic options for pure membranous nephri- 
tis include steroids and either azathioprine, MMF, or 
cyclophosphamide (Figure 25-1). 


Dialysis and Transplantation 

Acute renal failure (ARF) may require temporary dialy- 
sis, and ESRD requires permanent renal replacement ther- 
apy. Lupus is usually inactive on chronic dialysis, and 
prednisone therapy is usually sufficient for mild flares. 
Thrombosis of vascular access is a problem, but patients 
are candidates for either hemodialyis CHD) or peritoneal 
dialysis (PD). 

Pediatric recipients of renal allografts usually do well. 
The cross-matching of sera may be difficult because of 
prior transfusions or autoantibodies, and allograft throm- 
bosis is more common especially when antiphospho- 
lipid antibodies are present. Patients with APS should 
be anti-coagulated after transplant. Lupus recurrence in 
the allograft is <1%, and is almost never associated with 
graft loss. Triple immunosuppression is suitable, and 
cyclosporine monotherapy should be avoided as it not a 
good suppressant of autoimmunity. Overall, outcome is 
similar to patients with other causes of ESRD. 


ANTIPHOSPHOLIPID SYNDROME (APS) 


Children with lupus appear to be at particular risk for 
thrombosis because of a propensity to develop APS.'® 
Primary APS is seen in patients without underlying 
autoimmune conditions, whereas secondary APS occurs 
in patients with rheumatologic conditions. Autoantibodies 
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e Treat hypertension 


Hypertension, or 
Hematuria, or 
Proteinuria, or 
Elevated creatinine 


e 24-hour urine protein 
quantitation greater 
than 1 gram? 


Monitor frequently 


Monitor frequently 


If clinical suspicion 
is high for nephritis 


Renal 
biopsy 


WHO I: Normal glomerular histology by light microscopy 
e Treat extrarenal manifestations 


WHO II: Mesangioproliferative glomerulonephritis 
e Treat extrarenal manifestations 


WHO Ill: Focal proliferative glomerulonephritis 
e Cyclophosphamide ¢ Mycophenolate mofetil 
e Azathioprine e Steroids 


WHO IV: Diffuse proliferative glomerulonephritis 
e Cyclophosphamide 
e Steroids 


WHO V: Membranous glomerulonephritis 
e |f proliferative changes exist, treat as WHO III or IV 
e Azathioprine e Steroids 
e Mycophenolate mofetil 


WHO VI: Glomerular sclerosis 
e Supportive therapy for chronic renal failure 
e Not responsive to immunosuppressive medication 


may induce a prothrombotic state, with the risk of arterial 
and venous thromboses and morbidity in pregnancy. 
The diagnosis of APS is made in an individual who has a 
thrombosis, or specific morbidity in pregnancy, and has 
specific laboratory abnormalities (Table 25-8). 


Pathophysiology 


The autoantibodies responsible for APS are ‘lupus anti- 
coagulants,’ or are directed against cardiolipin (anti-CL, a 
mitochondrial phospholipid) and B2-glycoprotein-1 (anti- 
B2-GP1, a phospholipid-binding protein). Lupus antico- 
agulant antibodies create a peculiar in-vitro prolongation 
of the activated partial thromboplastin time (aPTT). 
Prolongation of the clotting time does not correct with 
the addition of normal plasma, but normalizes with the 
addition of excess phospholipid. Non-pathogenic anti-CL 
antibodies may be seen in a variety of infectious diseases, 
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Figure 25-1 Overview of therapy for lupus nephritis. 


but in lupus they are clearly pathogenic and titers correlate 
with risk. Anti-82-GP1 antibodies are also indicative of an 
increased risk of thrombosis. Laboratory studies useful in 
the diagnosis of APS are shown in Table 25-9. Endothelial 
cell activation, interference with the coagulation 
cascade, and oxidant-mediated endothelial injury are 
important in the pathogenesis of APS. 


Clinical Manifestations 


Less serious manifestations are Raynaud’s phenome- 
non and livedo reticularis. Serious complications are 
deep venous thrombosis, pulmonary embolus, 
Budd-Chiari syndrome, and major arterial thromboses. 
Renal involvement also occurs as a thrombotic micro- 
angiopathy. APS in lupus is linked to neuropsychiatric 
disease, in particular transverse myelitis, myocardial 
infarction, retinal vasculitis, Libmann-Sacks endocarditis, 


Table 25-8 Antiphospholipid Syndrome Diagnostic 


Criteria’ 


Clinical Event Laboratory Abnormality 


Vascular thrombosis 
e Arterial-venous: small-vessel 


Anticardiolipin antibodies 

e IgM or IgG 

e Moderate to high levels on 
two or more occasions at least 
6 weeks apart 

Lupus anticoagulant antibodies 

e One or more unexplained e Detected on two or more 

death of a morphologically occasions at least 6 weeks 

normal fetus after 10 weeks’ apart 

gestation; or 

One or more premature 

births of normal neonate 

before 34 weeks’ gestation; or 

Three or more unexplained 

consecutive spontaneous 

abortions before 10 weeks’ 

gestation 


Pregnancy morbidity 


"The diagnosis of APS requires one clinical event and one laboratory criterion. 
These are not necessarily related in time. 


pancreatitis, thrombocytopenia, TTP, and other vascular 
events. Catastrophic APS refers to thromboses of 
predominantly small vessels, in at least three organ 
systems, over days to weeks. 


Therapy 


Lupus patients who have not experienced a thrombotic 
event, but have a lupus anticoagulant, or antibodies to 
ACL, anti-B2-GP1, or a false-positive RPR, are managed 
with prophylactic low-dose aspirin anti-platelet therapy. 
Anti-platelet therapy is contraindicated if the platelet count 
is below 60,000 per mm>. The elimination of risk factors 
for thrombosis, such as estrogen-containing contracep- 
tives, is important. For those who have a thrombo- 
sis, unfractionated or low molecular-weight heparin is 
used for anticoagulation, followed by maintenance with 
warfarin. The current recommendation is life-long 


Table 25-9 Laboratory Assays Useful in the 
Diagnosis of Antiphospholipid 


Syndrome 


Functional Measures of 


Antibodies Lupus Anticoagulant 


Anticardiolipin antibody dgG, IgM) aPTT 
Anti-B2-glycoprotein-1 (igG, IgM) Dilute Russell’s Viper 
Rapid Plasma Reagin (RPR) Venom Time (DRVVT) 


aPTT = activated partial thromboplastin time. 
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MAJOR POINTS 


e The optimal care of a patient with SLE requires a 
multidisciplinary endeavor that involves primary care 
pediatricians; pediatric rheumatologists, nephrologists, 
dermatologists, cardiologists, pulmonologists, and 
neurologists; nurses, nutritionists, physical therapists, 
psychologists, and social workers. 

e Lupus hepatitis should not to be confused with type-1 
autoimmune hepatitis, or ‘lupoid hepatitis’. 

Such patients may be positive for ANA and 
sometimes anti-dsDNA. These individuals also have 
autoantibodies to smooth muscle and mitochondrial 
antigens, and rarely meet ACR criteria for the 
diagnosis of SLE. 

e A positive ANA must be viewed with great skepticism 
in the absence of other signs or symptoms of SLE or 
of other autoimmune conditions, such as juvenile 
rheumatoid arthritis. 

e A diagnosis of SLE may be difficult - because 
presenting complaints such as fatigue, weight loss, 
fever, rash, and arthritis are non-specific, and because 
lupus can affect any organ system. 


anticoagulation, given the high risk of recurrent thrombo- 
sis if anticoagulation is discontinued. Plasmapheresis in 
conjunction with immunosuppression is used in cata- 
strophic APS. 
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INTRODUCTION 


The landmark event in the history of hemolytic uremic 
syndrome (HUS) was the isolation of a toxin that was 
cytopathic to Vero cells from the stool of patients with 
diarrhea-associated (D+) HUS.! This toxin was linked to 
antecedent infection with Escherichia coli 0157:H7.2 


Definitions 


HUS is a disease phenotype characterized by acute 
renal injury, thrombocytopenia, and anemia with 
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fragmentation of erythrocytes. The kidney dysfunction 
may be manifest as hematuria and/or proteinuria and/or 
azotemia. Most cases of HUS occur after a prodromal 
diarrheal illness, and therefore are called ‘D+HUS’. The 
term ‘Stx HUS’ is more precise than D+HUS because it 
informs on the mechanism of disease. Atypical, hered- 
itary, and secondary forms of HUS are discussed in 
Chapter 27. 


EPIDEMIOLOGY 


The incidence of Stx HUS in the United States is 1 to 
3 per 100,000 population per year.” Stx HUS occurs at 
any age, but peaks between 6 months and 4 years. It 
occurs mainly in summer, sporadically, and in clusters. 
A number of outbreaks have been reported in the popu- 
lar media because of linkage to unusual foods or bever- 
ages (cider, deer jerky) or to distinctive settings (water 
parks, petting zoos) (Table 26-1). In most cases of Stx 
HUS a source of the disease is not identified. 


PATHOPHYSIOLOGY 


Microbiology 


The proximate cause of Stx HUS is infection with 
Shiga toxin-producing organisms. !> 


Escherichia coli (STEC) 

The most common of these strains, E. coli 0157:H7, 
is characterized by an inability to ferment sorbitol on 
sorbitol-MacConkey agar plates.!> More than 90% of all 
cases of Stx HUS are caused by E. coli 0157:H7. Several 
other Shiga toxin-producing bacteria such as Non-O157 
strains of E. coli (0126, O11, S. dysenteriae, and 
Aeromonas species are implicated as causes of HUS. 
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Table 26-1 Sources of STEC Infection Leading 


to Hemolytic Uremic Syndrome (HUS) 


Foods Ground meat, sausages, deer venison, 
jerky, turkey, poultry, vegetables 
(bean sprouts, radishes, alfalfa sprouts) 

Water, apple cider, cow’s and goat’s milk 

Paddling and swimming pool water 


Beverages 

Activities 

Person-to-person 
spread 

Direct animal 
contact 

Urinary tract infections 
caused by STEC 


Petting zoos 


Tests used to diagnosis STEC infection are summarized 
in Box 26-1. 

Cattle are the major reservoir of STEC, and fecal shedd- 
ing is the primary route of environmental contamination. 
Between 1 and 5% of cattle herds are colonized with 
STEC, though this varies among countries and seasons. 
Sheep, deer, turkey, dogs, and birds are also carriers of 
STEC. The absence of disease in animal hosts is attributed 
to the lack of a toxin-binding receptor on the gastro- 
intestinal epithelial cell membrane; as a result, Stx 
cannot enter the bloodstream. 

Any food, beverage, or water source that comes into 
contact with fecal material from a STEC-excreting 
animal, or direct contact with the animal, can be the 
vehicle for introduction of disease into humans (see 
Table 26-1). Stx HUS is a rare complication of urinary 
tract infections, and routine screening of urine cultures 
for STEC is not warranted. 

STEC are readily killed by heating to 140-160°C for 
5-10 minutes, exposure to low doses of ionizing radia- 
tion, or treatment with standard bactericidal detergents. 
However, STEC can survive exposure to low tempera- 
ture, acidic pH, or extremes in osmolality, and are also 
difficult to eradicate from stored foods. 


Box 26-1 Tests Used to Make the 


Diagnosis of Stx HUS 


Stool culture for E. coli O157:H7 (Sorbitol- 
MacConkey plate) 

e Direct assay for free Stx in stool 

e Polymerase chain reaction for Stx genes in stool 

¢ Serum levels of antibodies to E. coli O157 antigen 
e Salivary levels of antibodies to E. coli 0157 
antigen 


Shiga Toxin (Stx) 

STEC cause HUS by elaborating Stx.! Stx is a member 
of the 1-85 family of toxins that are composed of five 
binding non-toxic B-subunits and a single cytotoxic 
A-subunit moiety. Two varieties of Stx cause human 
disease: Stx 1 is nearly identical to classic Shiga toxin and 
Stx2, the amino acid sequence of which is 60% homolo- 
gous to classic Stx. Clinical isolates of STEC associated 
with Stx HUS are more likely to produce only Stx 2 ora 
combination of Stx 1 and Stx 2. Immunization studies 
in experimental animals indicate that there may be cross- 
reactivity among anti-Stx antibodies. This finding may 
explain why recurrent disease is rare after an episode of 
Stx HUS. 

Stx initially crosses the gastrointestinal epithelium 
following a transcellular pathway, and enters the blood- 
stream. Stx binds to polymorphonuclear leukocytes by a 
membrane-associated Stx receptor with an affinity 
constant that is 1000-fold lower than the binding mole- 
cule on the endothelium.!4 This permits the leukocyte 
to transport Stx from the gastrointestinal tract and to 
unload Stx in the peripheral circulation. The leukocyte- 
associated Stx levels are elevated for up to 6 days after 
the onset of Stx HUS. 

Stx binds to a globotriaosylceramide receptor, Gb3, 
on the endothelial cell surface. The toxin is taken up by 
the endothelial cell via pinocytosis in clathrin-coated 
pits, and then transported in a retrograde fashion to the 
Golgi apparatus where the active enzymatic portion of 
Stx is released. The A-subunit cleaves a specific adenine 
residue from the 28S ribosomal subunit and thereby 
inhibits protein synthesis. This causes endothelial cell 
death, with resultant tissue ischemia and organ failure. 
There is local activation of coagulation and fibrinolytic 
cascades that may augment tissue damage. The process 
can occur throughout the vasculature and cause systemic 
disease. Abnormalities in the von Willebrand factor- 
cleaving protease are not implicated in the pathogenesis 
of Stx HUS.!° 


Cytokines 

Toxin-induced injury is also mediated by the release of 
inflammatory cytokines. Stx promotes secretion of tumor 
necrosis factor-o (TNF-o) by endothelial and renal tubular 
epithelial cells. Stx also stimulates the production of the 
chemokines, interleukin (IL)-8 by polymorphonuclear 
leukocytes and monocyte chemoattractant protein-1 by 
monocytes. These cytokines help to up-regulate expres- 
sion of the Gb; receptor.” 


PATHOLOGY 


The renal histopathology is characterized by a 
glomerular thrombotic microangiopathy (TMA) and 


congested, rather than ischemic, glomeruli. The changes 
are capillary wall thickening, endothelial cell swelling, 
and narrowing, or thrombosis of the capillary lumens. 
There is often thrombosis of preglomerular arterioles 
that is more common at the hila of glomeruli but is some- 
times also seen proximally, including in the interlobular 
arteries. Cortical infarcts with extensive thrombosis are 
less commonly seen. 

At autopsy, patients with HUS have fibrin/red cell-rich 
thrombi that are largely confined to kidneys. This is in 
contrast to patients with thrombotic thrombocytopenic 
purpura (TTP) in whom platelet-rich thrombi are pres- 
ent, in decreasing severity, in the heart, pancreas, 
kidney, adrenal gland, and brain. 

The ultrastructural changes are swollen endothelial 
cells with formation of a subendothelial space containing 
fibrin, cellular deposits, lipids, and platelet fragments.5611 


CLINICAL PRESENTATION 


There are several poorly defined risk factors for 
progression from enteritis to HUS (Boxes 26-2 and 26-3). 
Antibiotic treatment of bloody diarrhea may be a risk 
factor for development of Stx HUS, but this is contro- 
versial.!>17 In-vitro data suggest that exposure of STEC 
to trimethoprim-sulfamethoxazole or quinolone may 
provoke plasmid DNA injury and stimulate Stx release. 


Disease Presentation 


Stx HUS usually presents abruptly with pallor, 
malaise, and a decrease in urine output within 48 hours 
of the diagnosis. The most serious problem is the onset 
of acute renal failure (ARF) that manifests with hyper- 
tension, and signs and symptoms of extracellular fluid 
volume overload. Sudden onset of pallor begins a few 
days after cessation or improvement of gastrointesti- 
nal symptoms. This is often followed by increasing 
edema and, occasionally, by mild jaundice, petechiae, or 
seizures. Hypertension, with or without congestive heart 


Box 26-2 Timeline of the Diseaseĉ:7:16 


¢ The interval between the ingestion of an inoculum of 
STEC and onset of gastrointestinal symptoms is 
usually 24-72 hours 

e Enteritis begins as watery diarrhea and progresses to 
frankly bloody stools in >90% of cases. After a 2- to 
6-day latency period, 5-15% of patients with STEC 
enteritis develop Stx HUS 
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Box 26-3 Risk Factors for Progression 


from STEC Infection to Stx HUS 


e Young age - under 1 year 

¢ Fever during the prodromal enteritis 

e Use of antimotility drugs to treat diarrhea 

e Leukocytosis 

¢ Treatment of enteritis with antibiotics or antimotility 
agents 


failure and pulmonary venous congestion, may result in 
part from excessive fluid administration before recogni- 
tion of oliguria. 


Gastrointestinal 


Gastrointestinal symptoms are abdominal pain, vomit- 
ing, and diarrhea, usually with bloody and/or mucoid 
stools. Stx HUS can occur in the absence of diarrhea and 
may be associated with a urinary tract infection. Colonic 
symptoms mimic ulcerative colitis, appendicitis, intus- 
susception, rectal prolapse, gastroenteritis, or acute 
bacterial enterocolitis. Acute colitis is usually transient, 
but may be complicated by toxic megacolon or bowel 
wall necrosis. Hepatomegaly is common. Colonic 
gangrene is difficult to diagnose and has a poor progno- 
sis. An abdominal plain film radiograph shows gas 
accumulation in the colon and bowel wall thickening. 
Barium enema or sigmoidoscopy is rarely indicated. 
Hypoalbuminemia is caused mainly by a protein-losing 
enteropathy. Pancreatic dysfunction causes marked 
elevation of serum amylase and lipase levels, and islet 
cell necrosis results in hyperglycemia with low insulin 
levels. 


Renal 


Oligoanuria occurs in half the cases, and some have 
non-oliguric renal failure. Microscopic hematuria is more 
frequent than macroscopic hematuria. Blood pressure is 
usually normal at the onset, but often increases after a 
blood transfusion. Fluid overload causes edema, hyper- 
tension, and heart failure. Urinalysis shows red blood 
cells and various casts. Biochemical changes of renal 
dysfunction are increased serum levels of creatinine, 
potassium, phosphorus, hydrogen ion, uric acid, and 
blood urea nitrogen (BUN). The serum potassium 
concentration may be low initially as a result of gastro- 
enteritis. Hyperkalemia may develop with reduced 
glomerular filtration rate, hemolysis, and transcellular 
shifts caused by acidosis. Serum concentrations of sodium, 


206 PEDIATRIC NEPHROLOGY AND UROLOGY: THE REQUISITES IN PEDIATRICS 


calcium, bicarbonate, and albumin are low, especially 
in severely ill patients. Serum levels of cholesterol, 
triglycerides, and phospholipids may be elevated. A renal 
biopsy is rarely indicated in Stx HUS. 


Hematologic 


Hemolytic anemia varies from slight decreases in 
hemoglobin concentration to levels of 3 g/dl. There is no 
correlation between the severity of hemolysis and of 
renal failure. Repeated episodes of hemolysis may 
occur during the first few weeks. The erythrocytes are 
fragmented as a result of a microangiopathic injury 
and/or peroxidative damage. Serum levels of lactic dehy- 
drogenase and unconjugated bilirubin are increased, 
along with the reticulocyte count. Haptoglobin levels 
are decreased and the Coombs’ tests are usually 
negative. A leukocytosis occurs during the first week. 
Thrombocytopenia lasts for up to 2 weeks, and is not 
related to the course of the renal disease. 


Neurologic 


Neurologic symptoms are irritability, somnolence, 
behavioral changes, restlessness, seizures, ataxia, dizzi- 
ness, tremors, and twitching. Stx-induced injury, hypo- 
natremia, hypocalcemia, markedly increased BUN and 
accelerated hypertension may cause central nervous 
system injury. Magnetic resonance imaging is sensitive 
for early detection of structural lesions. Brain edema and 
microthrombi are found in some cases at autopsy. 


Cardiopulmonary 


Cardiovascular abnormalities usually result from 
volume overload, but some patients have myocarditis, or 
cardiogenic shock caused by microthrombi, cardio- 
myopathy, or aneurysms. A few patients have features of 
adult respiratory distress syndrome. 


Outcome 


Almost 20% of patients with Stx HUS have at least one 
serious complication. The mortality rate during an acute 
episode is 3-5%. Risk factors for more severe Stx HUS 
and an adverse outcome are female gender, persistent 
fever, leukocytosis, prolonged gastrointestinal disease, 
severe colitis with rectal prolapse, and neurological 
complications.*!° Complete recovery occurs in 64% of 
patients, chronic renal insufficiency with hypertension 
in 4%, late sequelae in 12%, and end-stage renal disease 
in 9%. Recurrent episodes of Stx HUS are uncommon. It 
is unusual for Stx HUS to recur after renal transplantation 
(Table 26-2). 


Table 26-2 Extra-Renal Complications of HUS 


Central nervous system Coma, thrombotic or hemorrhagic 


stroke, cortical blindness, seizures 


Pancreas Pancreatic insufficiency, diabetes 
mellitus 
Intestine Perforation, necrosis, intussusception, 
stricture 
Gallbladder Hydrops 
TREATMENTS ”:16 


Management of ARF 


The biochemical abnormalities require meticulous 
medical management, including restricted intake of 
fluids, salt, and potassium, aggressive control of even 
mildly elevated blood pressure levels, and administration 
of loop diuretics to maintain urine output. ARF develops 
in 40-50% of children with Stx HUS. This is of sufficient 
severity to warrant temporary renal replacement 
therapy. The indications for initiating dialysis are based 
on concurrent medical complications or anuria rather 
than on BUN level and serum creatinine concentration. 

Peritoneal dialysis is the preferred modality. 
However, if there is bowel gangrene or severe metabolic 
disturbances, hemodialysis or hemofiltration are 
indicated. 


General Medical Management 


Sufficient calories and protein are provided to reverse 
the high catabolic state. If severe vomiting interferes with 
feeding, then intravenous administration of ondansetron, 
0.15 mg/kg/dose every 4 hours can be given. If gastro- 
intestinal disease interferes with enteral feeding, intra- 
venous hyperalimentation is required. Antimotility 
agents should not be prescribed because they delay 
clearance of the Stx from the gastrointestinal tract. 
Enteric precautions should be implemented in children 
with Stx HUS to prevent person-to-person transmission 
of the disease. Surgery may be required to repair bowel 
wall gangrene or perforation or other gastrointestinal 
complications. Surveillance should be maintained for 
pancreatitis and insulin-requiring diabetes mellitus. 
Transfusions of packed red blood cells should be 
administered only if the hemoglobin is below 6-7 g/dl, 
or if there is evidence of compromised cardiovascular 
status. Platelets should be infused only if there is active 
hemorrhage or an invasive procedure is required. The 
dosage of antibiotics, anticonvulsant agents, or other 
medications should be adjusted to the level of kidney 
function. 


Box 26-4 Ineffective Treatments 


of Stx HUS 


e Anticoagulants - heparin 
e Fibrinolytics - streptokinase 
e Passive immunization to neutralize 
Stx - intravenous IgG 
e Infusion of fresh-frozen plasma 
¢ Anti-inflammatory agents - corticosteroids 
e Anti-platelet drugs - aspirin and dipyridamole 
e High-dose furosemide infusions to maintain 
urine flow 
e Plasma exchange or plasmapheresis 
e Antioxidants 
e Oral toxin-binding agents - SYNSORB Pk® 


Specific Medical Therapy 


There is no specific therapy for Stx HUS, and treat- 
ment consists of careful supportive care until the disease 
resolves. None of the treatments listed in Box 26-4 is 
effective in the treatment of Stx HUS. Despite the 
absence of a specific treatment that is proven to be effec- 
tive, physicians continue to prescribe unproven treat- 
ments for children with this disease. Among the first 82 
children enrolled in the multicenter trial of SYNSORB 
Pk®, 20 were given unproven treatments: two received 
intravenous IgG, two were treated with corticosteroids, 
and 13 with anti-platelet drugs, while plasmapheresis 
was used in three cases. 


Table 26-3 Strategies for Preventing Stx HUS 


Primary care measures e Hand washing when preparing food 
e Cleaning of all cooking surfaces 
e Cooking meat at high enough 
temperatures, such as 140-160°C 
for a sufficient time (e.g., 10-15 
minutes) to cook beef thoroughly 
¢ Isolation of patients with bloody 
diarrhea or STEC infection 
¢ Timely reporting of cases of STEC 
enteritis and Stx HUS 
Public health measures e Implementation of bacterial 
detection techniques in all foods 
e Switch from grain to hay feed 
before animal slaughter 
e Inoculation of animals with 
probiotic organisms 
e Irradiation of foods 
e Immunization against Shiga toxin 
antigens 
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PREVENTIVE STRATEGIES 


Because of the accelerated course of the illness in 
most children with Stx HUS, it may be difficult to imple- 
ment effective treatment early enough to ameliorate the 
disease. Therefore, it is necessary to design strategies to 
prevent this disease (Table 26-3). 


MAJOR POINTS 


Stx HUS is the most common cause of acute renal 
failure in previously healthy children. 

It is transmitted via any food or beverage that is 
contaminated by Shiga toxin-producing strains of 

E. coli. 

In the absence of a proven specific therapy, 
treatment is intensive supportive care. 

Stx HUS can be prevented by careful food preparation, 
hand washing, cleaning of food preparation surfaces, 
and thoroughly cooking meat at sufficient tempera- 
tures to kill the Stx-producing E. coli. 

STEC infection and Stx HUS are reportable diseases 
in all 50 states in the United States. 

Affected cases must be reported to the health 
department. 

Contacts who develop diarrhea must be evaluated. 
STEC are virulent because the inoculum of bacteria 
that can cause disease is very low, often less than 
microorganisms. 

The current consensus is that antibiotics should be 
prescribed with caution for children with STEC 
hemorrhagic colitis, unless there is invasive bacterial 
disease. 

Stx HUS is a systemic disease with widespread but 
variable extra-renal organ involvement. 

There are no indications for a coagulation work-up in 
Stx HUS. 

Repeated episodes of hemolysis may occur during 
the first few weeks. 

The severity of anemia does not correlate with 
severity of renal disease. 

A leukocytosis occurs during the first week. 
Thrombocytopenia lasts for up to 2 weeks. 
Thrombocytopenia does not correlate with the 
course of the renal disease. 

A renal biopsy is rarely indicated in Stx HUS. 

In the absence of serious extra-renal events, anuria for 
24 hours, or oliguria (<0.5 ml/kg/h) for 48-72 hours, 
dialysis can be deferred despite markedly elevated 
BUN and serum creatinine concentrations.’ 

The impulse to use plasmapheresis should be 
resisted; it is not effective in Stx HUS. 
Plasmapheresis is labor-intensive and costly. 
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DIFFERENTIAL DIAGNOSIS 


Stx HUS must be differentiated from idiopathic or 


atypical types of HUS, S. pneumoniae-associated HUS, 
hereditary HUS, and thrombotic thrombocytopenic 
purpura (see Chapter 27). 
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INTRODUCTION 


Stx HUS is discussed in detail in Chapter 26. The 
purposes of the present chapter are to describe the clas- 
sification of HUS and TTP, and to describe some of the 
conditions that are similar to Stx HUS. The hemolytic 
uremic syndromes (HUS) are a group of conditions with 
similar clinical, biochemical and histopathologic abnor- 
malities with many different causes and pathogenetic 
mechanisms. Thrombotic thrombocytopenic purpura 
(TTP) forms another group of conditions with clinical, 
biochemical and histopathologic abnormalities that are 
similar to those that are found in HUS. An etiologic 
classification of HUS is shown in Box 27-1. 


HEMOLYTIC UREMIC SYNDROME (HUS) 


Infectious Causes of HUS 


HUS usually follows an infection with shiga toxin- 
producing bacteria, but can also be caused by 


Classification of the 
Hemolytic Uremic 
Syndromes and 
Thrombotic 
Thrombocytopenic 
Purpura 
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neuraminidase-producing bacteria and viruses (Box 27-2). 
Possible but unproven infectious causes include 
Salmonella typhi, Clostridium difficile, B-hemolytic 
Streptococcus, and viruses other than HIV. 


Shiga Toxin-Associated HUS (Stx HUS) 

The term ‘Stx HUS’ is more precise than ‘D+,’ ‘typical-,’ 
or ‘post-diarrheal HUS’.° Stx HUS follows infection with 
shiga toxin-producing bacteria that include Escherichia 
coli (STEC) and Shigella dysenteriae type 1.1 

Stx HUS is discussed in detail in Chapter 26, but 
two points need to be stressed: first, HUS is not TTP 
(Box 27-3); and second, the clinician must have a high 
index of suspicion for the onset of HUS (Box 27-4). 


Streptococcus pneumoniae-Associated HUS 

HUS may complicate S. pneumoniae infections.> 
Although the clinical outcome was poor in early reports, 
the outcomes have improved in recent years.!° In addi- 
tion, there are patients with milder involvement. The 
HUS occurs in patients with otitis media, pneumonia 
with or without empyema, and meningitis. Young chil- 
dren are mainly affected, renal disease is often severe, 
and survivors may have chronic renal insufficiency as 
well as the complications of the pneumococcal infection 
such as neurological deficits and chronic lung disease. 
The death rate, which was once 50%, has decreased in 
some series but not in others.!° Improved outcome is 
probably because fresh-frozen plasma is no longer used 
and washed red cells are infused, thereby reducing the 
risks of transfusing anti-Thomsen-Friedenreich (TF) anti- 
bodies exposed on the surfaces of erythrocytes and 
platelets by neuraminidase produced by the organism. 
In a series of 11 patients with S. pneumoniae-associated 
HUS,’ three died from meningitis and one from 
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Box 27-1 Etiologic Classification 


of Hemolytic Uremic 
Syndrome (HUS) 


¢ Infection causes of HUS 

e Idiopathic (atypical) HUS 

¢ Hereditary HUS (familial HUS) 

e Associations (secondary HUS) 

e Medication- or treatment-associated HUS 


neurological sequelae after a partial recovery of renal 
function. The mean duration of dialysis was 32 days in 
patients with acute renal failure (ARF) who survived the 
acute infectious period. Cortical necrosis was docu- 
mented in five of six kidney specimens. Among the seven 
surviving patients, five developed end-stage renal failure 
after 4 to 17 years. !° 


Capnocytophaga canimorsus 

This is an uncommon cause of HUS that follows 
dog bites.? The offending organism is a fastidious Gram- 
negative rod that produces neuraminidase, so that HUS 
possibly is caused by exposure of the TF antigen. 


Human Immunodeficiency Virus (HIV)- 

Associated HUS 

Few cases of HIV-associated HUS have been reported 
in children, !Ć in contrast to the large numbers of reports 
in adult patients. In a representative large series of 92 
adults aged between 21 to 51 years and with HIV infec- 
tion, 32 (35%) developed HUS.!! Males outnumbered 
females in a ratio of 31 to 1. The interval between HIV 
diagnosis and onset of HUS ranged from 9 months to 
5 years. The renal lesions were usually mixed glomeru- 
lar/arteriolar lesions. Treatment remains unsatisfactory 
in that seven patients died within 2 months, although 
outcomes may be improving with the use of dialysis and 
fresh-frozen plasma and/or plasmapheresis. 


Box 27-2 Infectious Causes of HUS 


Shiga toxin-producing bacteria 

e F. coli 0157:H7 and other serotypes 
e Shigella dysenteriae type 1 

e Aeromonas 

e Citrobacter freundit 
Neuraminidase-producing bacteria 

e Streptococcus pneumoniae 

e Capnocytophaga canimorsus 
Viruses 

e Human immunodeficiency virus 


Box 27-3 HUS is not TTP 


Any patient who develops acute onset of hemolytic 
anemia with fragmented erythrocytes, thrombo- 
cytopenia, and renal injury, during or after bloody 
diarrhea, whether a child or an adult, whether or 
not there is a fever, and with and without CNS 
involvement - has HUS and not TTP. 


Idiopathic or Atypical HUS 


Idiopathic (atypical, non-diarrhea-associated D-HUS is a 
heterogeneous subgroup of HUS that differs from diarrhea- 
associated HUS on epidemiologic, clinical, laboratory, 
histological, and prognostic grounds.’ 

Increasingly sophisticated studies are showing that 
many patients with atypical HUS have a genetic form 
of the syndrome. !? Atypical cases of HUS share a number 
of characteristics with inherited HUS. These include 
the possibilities of recurrent episodes before and/or 
after transplantation, and deficiencies of complement. In 
addition, the renal histopathologic findings show pre- 
dominantly arteriolar involvement, and the prognosis is 
often poor with severe hypertension and progression to 
end-stage renal failure. 


Hereditary HUS 


The diagnosis of hereditary HUS cannot be made in 
the absence of a positive family history. Hereditary HUS 
must be suspected in patients with idiopathic or atypical 
HUS, especially if there is hypocomplementemia and/or a 
Factor H deficiency.!> HUS can be inherited as either an 
autosomal recessive or as an autosomal dominant trait. In 
the recessive form there are no recognized precipitating 
events, but episodes may follow non-specific viral infec- 
tions. There are no sex or race preferences. Affected 
individuals are usually infants and children. The outcome 
may vary greatly and include complete resolution, several 
episodes of HUS either before renal transplantation 


Box 27-4 Stx HUS Must be Suspected 


in Any Patient: 


with diarrhea, and whose urine volume does not 
increase when rehydrated 

with pallor or edema during or after bloody diarrhea 
with seizures during or after bloody diarrhea 

with anemia and fragmented erythrocytes, 
thrombocytopenia, and renal injury 
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Box 27-5 Reasons for Family Anxiety 


in Inherited HUS 


Progression to end-stage renal failure in proband 
e Possibility of death of proband 

¢ Risk of recurrent episodes 

e Risk of post-transplant recurrences 

e Risk of occurrence in pre-symptomatic children 
e Risk of HUS in future offspring 

Risk of HUS in living-related kidney donor 


and/or after transplantation.” Some patients have 
hypocomplementemia with low Factor H concentra- 
tions, and the pathogenesis may be linked to disorders 
of complement. Two groups of mutations have been 
detected in hereditary and atypical cases: G) mutations in 
the C-terminal region involved in binding of factor H to 
solid-phase C3b and to negatively charged cellular struc- 
tures; and Gi) mutations that introduce premature stop 
codons that interrupt translation of Factor H.!2 

There is no satisfactory treatment. Moreover, treat- 
ment is extremely difficult because of severe hyperten- 
sion and a course that is often indolent. Plasmapheresis 
is recommended, although its value has not been proven 
and the frequency and duration of treatment are not 
known. Characteristically, families with inherited HUS 
tend to show extreme anxiety (Box 27-5). 

Post-transplant recurrences are frequent. Using a living- 
related kidney and calcineurin antagonists increases the 
chances of a recurrence, whereas pre-transplant nephrec- 
tomies may reduce this possibility. 

Adults are affected more often when HUS is inherited 
in an autosomal dominant mode. There is no sex or race 
preference. A number of patients have manifested the 
condition in association with pregnancy, but this may 
differ even within a family. Complete recovery is uncom- 
mon.!’ The pathogenesis of both the autosomal reces- 
sive and dominant forms of HUS may be related, in some 
families, to Factor H deficiency with linkage to the 
Factor H locus on chromosome 1q (Box 27-6). 


Box 27-6 Factor H 


e Segregates with factor H gene locus on chromosome 1q 
e Central regulator of the complement system 
e Physiological activities: 

e extracellular matrix component 

¢ binds to solid-phase C3b 

e binds to negatively charged cellular structures 

e binds to integrin-type cellular receptor 

e interacts with ligands (e.g., C-reactive protein) 


There is no specific treatment, but fresh-frozen 
plasma infusions and plasmapheresis are indicated for 
autosomal dominantly inherited cases. The prognosis for 
renal survival is dismal, and for patient survival is poor. 
It is advisable to wait for 6 to 12 months between the 
occurrence of HUS and a renal transplant. The patient 
must be free from all evidence of active disease. There 
appears to be an increased risk of post-transplant recur- 
rences with donors from relatives, use of cyclosporine A, 
and pregnancy.‘ There are no established guidelines, 
and genetic counseling is even more difficult if the 
patient is the first affected individual in the family. 


Associations (Secondary HUS) 


HUS is associated with - or complicates the course of - 
many unrelated conditions. A partial list includes preg- 
nancy, solid organ transplant, bone marrow transplant, 
malignancy, leukemia, systemic lupus erythematosus, 
systemic sclerosis, Sjogren’s syndrome, membranoprolif- 
erative glomerulonephritis, pancreatitis, and Denys- 
Drash syndrome. That HUS has occurred in each of these 
circumstances is beyond doubt. However, the relation- 
ship between HUS and some of these conditions is 
extremely complicated. For example, HUS during or 
after pregnancy has not been proven to be caused by 
pregnancy per se, but has occurred in women who have 
had a mutation in the Factor H locus or in others with an 
E. coli O157:H7 infection. Patients with a malignancy 
complicated by HUS have been treated with anti- 
neoplastic drugs that are themselves implicated as 
causes of HUS. Chronic myeloid leukemia and HUS are 
reported in patients treated with interferon-a. HUS 
following bone marrow transplantation may be related in 
part to the dose of total body irradiation. HUS following 
kidney transplantation may be the result of a recurrence 
of an inherited type of HUS, or the use of a calcineurin 
anti-rejection drug. 


Medication- and Treatment-Associated HUS 


Many agents and treatments are associated with 
HUS. These include cyclosporine A, FK-506, OKT3, 
mitomycin-C, oral contraceptives, quinine, irradiation, 
interferon-, and crack cocaine. 


THROMBOTIC THROMBOCYTOPENIC 
PURPURA (TTP) 


Stx HUS differs fundamentally from TTP in regard 
to etiology, pathogenesis, and outcome.!4 The term 
‘HUS/TTP’ confuses the approach to the diagnosis, 
treatment (Box 27-7), and outcome of these different 
conditions. 
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Box 27-7 Treatment of TTP 


Acute TTP with IgG inhibitors Plasmapheresis 
against metalloproteinase 

TTP caused by ticlopidine or Plasmapheresis 
clopidogrel 

TTP caused by ADAMTS13 Fresh-frozen plasma 
deficiency infusions 


There are abnormalities in the function of von 
Willebrand factor (VWf) proteases in TTP, but not in 
HUS. Patients with acute TTP have a severe deficiency 
of VWf-cleaving protease caused by inhibitory activity 
against the protease. This deficiency is not detected in 
patients with TTP who are in remission. The inhibitors 
are IgG antibodies that can be removed by plasmapheresis. 

Patients with familial forms of TTP have a constitu- 
tional defect in VWf-cleaving protease activity, and do 
not have an inhibitor of the enzyme. These findings are 
in contrast to those in HUS in which some patients with 
inherited HUS had normal or slightly decreased levels of 
activity of VWf-cleaving protease during the acute 
episode. ADAMTS13 is a member of the ADAMTS family 
of zinc metalloproteinase genes. Proteolysis of VWf 
and/or other ADAMTS13 substrates is required for 
normal vascular homeostasis. The molecular mechanism 
responsible for this type of TTP is a number of mutations 
in the ADAMTS13 gene on chromosome 9q34.° 

Therefore, non-familial TTP appears to result from an 
inhibitor of VWf-cleaving protease, whereas the familial 
form is caused by a constitutional deficiency of the 
protease with a mutation of a metalloproteinase gene. 

TTP may be caused by the antiplatelet agents ticlopi- 
dine and clopidogrel.2!> Autoantibodies to the VWf 


MAJOR POINTS 


TTP and HUS although similar, are different disorders 
with different causes, treatments and prognoses.°!4 
Stx HUS is a post-infectious, multi-system syndrome, 
defined by acute onset of hemolytic anemia with 
fragmented erythrocytes, thrombocytopenia, and 
renal injury. 

e Although many patients are often very ill, the prognosis 
is usually good. 

S. pneumoniae-associated HUS and the inherited 
types of HUS are sometimes included in the subgroup 
of atypical HUS, but should be considered separately. 
Fresh-frozen plasma is indicated for the treatment of 
TTP caused by an inherited deficiency of ADAMTS13. 


metalloproteinase were demonstrated in patients who 
developed ticlopidine-associated TTP; this led to the 
same type of VWf abnormalities observed in patients 
with idiopathic acute TTP. The findings suggest that fail- 
ure to process large and unusually large VWf multimers 
in vivo caused binding of VWf to platelets, systemic 
platelet thrombosis, and TTP. 
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INTRODUCTION 


The polycystic kidney diseases are a heterogeneous 
group of inherited disorders characterized by cystic 
changes in the kidneys (Table 28-1).° The two major 
inherited types are autosomal recessive polycystic 
kidney disease (ARPKD) and autosomal dominant poly- 
cystic kidney disease (ADPKD). Other forms include 
glomerulocystic kidney disease (GCKD) and cystic 
dysplasia, either primary or associated with congenital 
syndromes. 


AUTOSOMAL RECESSIVE POLYCYSTIC 
KIDNEY DISEASE (ARPKD) 


ARPKD is a genetic disorder characterized by 


polycystic kidneys and the liver lesion of congenital 
hepatic fibrosis. It has also been called ‘infantile’ 
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polycystic kidney disease or Potter’s type I polycystic 
kidney disease,’ but these terms are no longer used. The 
majority of children with ARPKD present as newborns or 
infants, although a subset of children is diagnosed during 
childhood. 


Genetics and Pathogenesis 


ARPKD occurs with an estimated incidence of 
between 1 in 10,000 and 1 in 40,000 live births.*?° 
The true incidence may be greater however, because 
severely affected neonates may die before receiving 
a definitive diagnosis. ARPKD is inherited in an auto- 
somal recessive fashion. Parents of children with 
ARPKD are ‘obligate’ heterozygote (carriers) and are 
unaffected. Families with one affected child have a 
25% chance of having another affected child, and unaf- 
fected siblings of ARPKD patients have a 67% chance 
of being carriers. ARPKD affects males and females 
equally, and affects all ethnic and racial groups 
(Box 28-1).? 

Research in several animal models has demonstrated 
abnormalities in expression of the epidermal growth 
factor receptor (EGFR) and one or more of its ligands, 
which may contribute to cyst formation and expansion.® 
In addition, the proteins encoded by two murine ARPKD 
genes, Oak Ridge polycystic kidney disease (orpk; 
TgN737) and congenital polycystic kidney disease (cpk), 
were localized to the primary cilia present on the surface 
of renal tubule cells. Polycystin 1 and 2, the abnormal 
proteins in ADPKD, are also localized to the primary 
cilia. It has been hypothesized that cyst formation in 
ARPKD may be related to altered cilia structure and/or 
function, including potential chemosensor or mechano- 
sensor functions.!> Whether this emerging ‘cilia hypo- 
thesis’ proves to be the key to the understanding of 
ARPKD (or ADPKD) pathogenesis remains to be 
determined. 


Table 28-1 Differential Diagnosis of Cystic Kidneys 


in Children 


Polycystic kidneys Autosomal recessive polycystic kidney 
disease 
Autosomal dominant polycystic kidney 
disease 
Glomerulocystic kidney 
disease 
Diffuse cystic dysplasia ° Non-syndromic 

¢ Inherited 

e Sporadic 

e Syndromic 

Acquired cystic kidney disease 
Simple cyst 


‘Rare in children. 


Pathology 


There are lesions in the kidney and liver only. The 
kidneys are uniformly enlarged, but usually do not 
demonstrate discrete macroscopic cysts. Histologically, 
the cystic kidney disease is confined to the collecting 
tubules. Fusiform cystic dilatations (‘microcysts’ <2 mm) 
are oriented in a radial fashion from the cortex to the 
medulla.!! There is no evidence of renal dysplasia.!!/4 
‘Macrocysts’ (usually >2 cm), are more characteristic of 
ADPKD, but may become evident in ARPKD as the 
disease progresses. The hepatic pathology consists of a 
characteristic ‘ductal plate’ lesion consisting of peripor- 
tal fibrosis and bile duct proliferation. A severe form of 
the biliary lesion, in which the bile ducts are markedly 
dilated, is called ‘Caroli’s disease.’?° 


Clinical Features 


Patients typically present in the newborn period or 
infancy with large, palpable flank masses.>!4?° Many 
patients are now diagnosed in utero by prenatal - 


Box 28-1 Genetics of Autosomal 
Recessive Polycystic Kidney 


Disease (ARPKD)!°19 


Mutation on chromosome 6p21 

Mutated gene is PKHD1 (polycystic kidney and 
hepatic disease) 

Protein product is fibrocystin/polyductin 
Fibrocystin/polyductin may function as a receptor 
There is no predominant mutation in affected 
kindreds 

Mechanisms whereby the gene defect results in 
kidney and liver disease is undefined 
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Box 28-2 Clinical Features of ARPKD 


e Flank masses 

¢ Hypertension 

e Pyuria 

e Hyponatremia 

e Renal insufficiency 

e Respiratory insufficiency 
e Hepatosplenomegaly 

e Esophageal varices" 
Hypersplenism™ 


“Less common in neonates/infants 


ultrasonography. There may be a history of oligohydram- 
nios. Renal manifestations include varying degrees of renal 
impairment and oliguria, hypertension and electrolyte 
disturbances, especially hyponatremia (Box 28-2).314,20 

Newborns may have significant oliguria even in the 
presence of apparently normal or mildly impaired renal 
function. The diminished urine output may improve with 
improvements in respiratory status. Although most 
neonates with ARPKD have evidence of renal insuffi- 
ciency, few require dialysis in the newborn period. 
Hypertension is usually present, and may be severe, 
requiring treatment with several antihypertensive medica- 
tions at a very early age to attain adequate control. 
Impaired urinary concentrating ability is very common. 
Pyuria may represent a urinary tract infection, or the urine 
may be sterile. 

Respiratory distress is a common finding in newborns 
with ARPKD, and is a major cause of mortality in the 
newborn period. This may be due to several factors. 
Pulmonary hypoplasia occurs as the result of oligohy- 
dramnios. There may be additional features of the oligo- 
hydramnios sequence, including the Potter facies, limb 
contractures and hip dislocation. Furthermore, the 
massively enlarged kidneys may cause significant impair- 
ment in diaphragmatic excursion resulting in respiratory 
embarrassment. Infants with ARPKD may develop 
pneumothoraces, respiratory distress syndrome, and 
pneumonia. 

Clinical evidence of hepatic disease (e.g., hepato- 
megaly) may not be present in about 50% of newborns 
with ARPKD, despite the fact that the ductal plate lesion 
is invariably present on microscopic examination. With 
progressive disease, the hepatic abnormalities become 
more clinically evident. A small subset of patients with 
ARPKD will present as older infants and children with 
primarily evidence of hepatic involvement including 
hepatosplenomegaly and esophageal varices and variceal 
bleeding. In fact, polycystic kidneys may be an incidental 
finding during imaging studies for hepatomegaly. 
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Imaging Studies 


Ultrasound examination shows very enlarged and 
echogenic kidneys, with loss of normal corticomedullary 
differentiation (Figure 28-1). Discrete cysts are generally 
not seen; however, with progressive disease, ‘macrocysts’ 
may be evident. The hepatic ultrasound may be normal in 
the newborn and young child. Radiographic abnormali- 
ties of the liver, when present, include hepatomegaly, 
splenomegaly, increased echogenicity, and poor visu- 
alization of peripheral portal veins. A small subset of 
patients will have radiographic evidence of dilated 
hepatic bile ducts (Caroli’s disease). Macroscopic liver 
cysts - a more common finding in ADPKD - occur rarely 
in ARPKD. There may be choledochal cysts. 


Diagnosis 


The diagnosis of ARPKD is generally made on the 
basis of clinical findings, especially bilateral flank 
masses, respiratory distress and hypertension in an 
infant (Box 28-3). 

Although liver and kidney biopsies are diagnostic, 
these procedures are not used routinely in establishing 
the diagnosis of ARPKD, except in rare instances. 
Several inherited and acquired conditions (Box 28-4) 
may present in the neonate with features similar to those 
of ARPKD, including flank masses and enlarged, diffusely 
echogenic kidneys on ultrasound. !! 

Increasing numbers of ARPKD patients are detected 
in utero. Findings on prenatal ultrasound suggestive of 
ARPKD include kidney enlargement, oligohydramnios, 


Figure 28-1 
(ARPKD). Renal ultrasound (right kidney) of a neonate with ARPKD 
demonstrates the typical radiographic features including renal 
enlargement, markedly increased echogenicity, and loss of cortico- 
medullary differentiation (kidney size = 6.5 cm, normal for 
age = 3.9-5.1 cm). The contralateral kidney shows similar abnor- 
malities. 


Autosomal recessive polycystic kidney disease 


Figure 28-2 
Renal ultrasound (left kidney) of a 13-year-old with ADPKD demon- 
strates the presence of multiple discrete cysts, the largest mea- 
suring 1.2 x 1.2 cm. The kidney is enlarged (kidney size = 11.7 cm, 
normal for age = 8.3-11.3 cm). The contralateral kidney is also 
enlarged, and shows multiple cysts of varying sizes. 


Autosomal dominant polycystic kidney disease. 


and the absence of urine in the bladder. These findings 
may be present in the second trimester, and may be 
detected by screening ultrasound at 18-20 weeks’ gesta- 
tion. However, not all patients will have clinical 
evidence of disease at that time, and the typical features 
of ARPKD may not be present until after 30 weeks. With 
improvements in fetal ultrasonography, however, it is 
likely that the rates of detection in the first or second 
trimester will improve.° 

Prenatal genetic diagnosis of ARPKD is available in 
families with an affected child, using linkage analysis. In 
informative families, the detection rate with this method 
is over 95%. Currently, direct mutation analysis is not 
available for clinical use, but may be in the future.’ 


Treatment, Complications, and Prognosis 


There are no disease-specific therapies for ARPKD at 
present. Treatment is generally focused on managing the 


Box 28-3 Criteria for Diagnosis 


of ARPKD2° 


e Typical radiographic features of ARPKD 
e Presence of one or more additional findings 
including: 
e absence of renal cysts in both parents; 
e a previously affected sibling; 
e parental consanguinity; and 
e clinical, laboratory or pathologic features 
of hepatic fibrosis 


Box 28-4 Differential Diagnosis of 
Enlarged Echogenic Kidneys 


in the Neonate 


e ARPKD 

* ADPKD 

* GCKD 

e Diffuse cystic dysplasia 

e Congenital nephrotic syndrome 

e Transient nephromegaly of the newborn 
e Contrast nephropathy 

e Renal vein thrombosis 


respiratory distress, hypertension, electrolyte abnormali- 
ties, and the sequelae of acute or chronic renal insuffi- 
ciency. With the advent of modern neonatal intensive 
care units and the improvements in ventilator support, 
survival of neonates with ARPKD has improved. 
Nevertheless, respiratory failure remains a leading cause 
of mortality for severely affected infants. At present, it is 
difficult to predict at birth which newborns with ARPKD 
requiring mechanical ventilation have degrees of 
pulmonary hypoplasia that are not compatible with life. 
Confounding issues include pulmonary edema, volume 
overload, surfactant deficiency in premature neonates, 
and respiratory impairment from massive kidney 
enlargement. Some authors advocate performing unilat- 
eral nephrectomy or bilateral nephrectomy with dialysis 
support to allow optimal ventilation and the assessment 
of long-term pulmonary prognosis. 

The hypertension may be severe, and require several 
medications for adequate control. Although elevated 
plasma renin levels are not consistently demonstrated in 
these patients,!4 the hypertension is usually responsive 
to angiotensin-converting enzyme (ACE) inhibitors, 
which are considered first-line therapy. Additional ther- 
apy with calcium channel blockers or diuretics is often 
required. Hyponatremia may require modifications in 
sodium and water intake.!4 The urine-concentrating 
defect may result in recurrent episodes of volume deple- 
tion that must be monitored closely during episodes of 
intercurrent illnesses. The concentrating defect also 
causes primary enuresis that may be refractory to treat- 
ment. Patients with metabolic acidosis should receive 
bicarbonate supplementation. Urinary abnormalities are 
also common. Patients may have pyuria with or without 
evidence of urinary tract infection (UTD. Those with UTI 
should undergo standard evaluation including renal ultra- 
sound and voiding cystourethrogram. Hematuria and/or 
proteinuria may occur, but these are not prominent 
features of ARPKD. 

Feeding difficulties and poor growth are often pre- 
sent.!42° These may be due to increased metabolic 
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demands and poor feeding associated with renal insuffi- 
ciency. In addition, massively enlarged kidneys may 
cause impingement on the stomach, resulting in early 
satiety and the development or exacerbation of gastro- 
esophageal reflux. Nasogastric or gastrostomy tube feed- 
ings may be necessary in order to deliver sufficient 
calories. 

Renal replacement therapy, in the form of dialysis or 
transplantation, is indicated when patients progress 
to end-stage renal disease (ESRD). Peritoneal dialysis is 
the preferred modality, particularly in young children. 
The presence of hepatosplenomegaly or a past history 
of prior abdominal surgery (such as nephrectomy) 
generally does not preclude the use of peritoneal 
dialysis. 

With the advances in renal replacement therapy and 
improved patient survival, the hepatic manifestations 
and complications are becoming more prominent, and 
may dominate the clinical picture in an older child or 
adolescent.° Portal hypertension is common, and patients 
should be monitored regularly by a pediatric gastro- 
enterologist. Potential complications include bleeding 
esophageal varices, portal thrombosis, and hypersplenism 
resulting in chronic thrombocytopenia, anemia, and 
leukopenia. Patients with varices generally undergo peri- 
odic endoscopy and may require banding or other ther- 
apy. Bacterial cholangitis is a potentially life-threatening 
complication. 

In patients with severe portal hypertension, porto- 
systemic shunting may be indicated. However, recent 
studies have reported the occurrence of hepatic 
encephalopathy in patients with portosystemic shunts 
who subsequently progressed to ESRD. The precise mech- 
anism for the encephalopathy is unknown, but is thought 
to be due to impaired renal clearance of toxins shunted 
away from the liver. With the increasing use of living-rela- 
tion liver donation, liver transplant has been advocated as 
an alternative to shunting in patients with severe portal 
hypertension. 

Two recent experimental studies in mice raise the 
possibility that novel therapies directed at the function 
of the EGFR or one of its ligands may help to slow kidney 
and/or liver disease progression in ARPKD.”!® Additional 
studies are needed to determine if these novel therapies 
are safe and effective in the treatment of children with 
ARPKD and other polycystic kidney diseases. 

The prognosis for patients with ARPKD has improved 
significantly, although the disease continues to have 
significant morbidity and mortality. Although published 
data suggest that neonatal survival is approximately 70%, 
it is likely with the newer neonatal intensive care therapy 
that this number is higher.!7?° Longitudinal studies 
suggest that 50-80% of patients with ARPKD are alive at 
15 years.!4!7 Although most patients with ARPKD have 
some degree of renal impairment, some may not require 
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dialysis or renal transplantation until late childhood or 
adolescence. A subset of patients will also require liver 
transplantation and, as noted previously, with improved 
renal survival the hepatic disease becomes more promi- 
nent. Of those patients who undergo renal transplanta- 
tion for ARPKD, it has been reported that up to 36% of 
them will die in the first 5 years after transplant, the 
majority from complications directly attributable to their 
liver disease. !° 


AUTOSOMAL DOMINANT POLYCYSTIC 
KIDNEY DISEASE (ADPKD) 


ADPKD is a systemic disease characterized by poly- 
cystic kidneys and variable abnormalities of abdominal 
organs, the heart, and the vasculature.!° The term ‘adult’ 
polycystic disease is no longer used because ADPKD can 
present in individuals from birth to adulthood. 


Genetics 


The incidence of ADPKD is approximately 1 in 1000, 
making it the most common genetic kidney disease and 
one of the most common genetic diseases overall. >13 It is 
inherited in an autosomal dominant fashion with consid- 
erable variability in disease expression, even within the 
same family. Children with an affected parent have a 50% 
chance of developing the disease. Males and females are 
affected, although the disease phenotype may be more 
severe in the former. ADPKD occurs in all races. It is an 
uncommon cause of ESRD in pediatrics, but accounts for 
5-10% of ESRD in adults. 

Two major disease-causing genes have been identified 
and characterized. PKD1 mutations account for the 
majority of ADPKD (85%), whereas a smaller percentage 
of patients (15%) have PKD2 mutations. Linkage to PKD1 
and PKD2 has not been confirmed in a very small subset 
of families. Therefore, a third PKD locus, PKD3, is postu- 
lated. About 10% of patients do not have a positive 
family history of ADPKD and are presumed to have a new 
mutations. !? 

The gene that is mutated for PKD1 is localized to 
chromosome 16p13.3. It encodes a large protein, poly- 
cystin 1; this is a membrane-bound protein that medi- 
ates cell-cell and/or cell-matrix interactions. Polycystin 1 
may serve as a receptor for an as-yet unidentified ligand. 

Polycystin 1 is expressed in kidney, other abdominal 
organs, and the vasculature, and has a role in the 
development of the kidneys, heart, vasculature, and 
pancreas. !3 

The gene that is mutated for PKD2 is localized to 
chromosome 4q13-q23 and encodes the smaller protein, 
polycystin 2 that is a voltage-gated ion channel.!% 


Pathogenesis and Pathology 


The mechanism whereby mutations in either of these 
two genes result in progressive cyst formation or vascu- 
lature abnormalities remains unknown. Polycystin 1 and 
2 interact with each other and may be components of 
a larger multi-protein complex. Polycystin 1 may have 
a role in regulating the cation channel function of 
polycystin 2. The variability in expression has been 
postulated to be due to a second-hit mechanism. This 
hypothesis arose out of the observation that, although 
renal tubular cells harbor the same mutation, only a small 
subset develops cysts. Detailed genetic analysis demon- 
strated that some of the cyst-lining epithelial cells had 
evidence for loss of heterozygosity - that is, they had 
mutations in PKD genes on each allele. Why some cells 
might be susceptible to such a second hit remains 
unknown. 13 

Renal cysts in ADPKD may occur throughout the 
nephron. The cysts progressively enlarge, and eventually 
become disconnected from the tubular lumen. Cyst 
expansion requires both proliferation of the tubular 
epithelial cells as well as active secretion of chloride into 
the cyst lumen. Therefore, it has been hypothesized that 
CFTR, the mutated gene in cystic fibrosis (CF) has a role 
in modifying disease expression. Several kindreds with 
both CF and PKD have been reported. However, the pres- 
ence of one or two copies of the mutant CF gene has not 
been shown consistently to affect disease progression. 


Clinical Features 


In children, ADPKD may be asymptomatic or may pres- 
ent with hypertension, urinary tract infection, Or gross 
hematuria.” The extra-renal manifestations of ADPKD are 
uncommon in children. Patients who become sympto- 
matic during childhood typically do so during adoles- 
cence. A small subset may present in the newborn period 
with clinical features indistinguishable from those of 
ARPKD (Table 28-2).!" 

Hypertension is a common presenting feature, and 
appears to be due to activation of the renin-angiotensin- 
aldosterone axis, possibly due to impaired local renal 
blood flow from expanding cysts. Gross hematuria may 
occur, particularly after a seemingly minor flank trauma. 
Alternately, it may be a symptom of a kidney stone or 
urinary tract infection, both of which can occur at 
increased frequency in patients with ADPKD. Most chil- 
dren with ADPKD have normal renal function, although 
renal insufficiency may be seen rarely. There may be 
a urine-concentrating defect and flank pain from kidney 
enlargement or cyst hemorrhage. 

Extra-renal manifestations of ADPKD include cyst forma- 
tion in the liver, pancreas, and reproductive organs.!° 
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Table 28-2 Clinical Features of ADPKD 


Renal Extra-renal 


Hypertension 

Urinary tract infection/pyuria 
Gross or microscopic hematuria 
Flank masses* 

Urolithiasis™* 

Renal insufficiency™ 


Hepatic, pancreatic, ovarian and seminal vesicle cysts** 
Mitral valve prolapse 

Cerebral aneurysms” 

Gastrointestinal diverticuli” 


*Rare in older children, more common in neonates. 
*Rare in children. 


Gastrointestinal diverticuli may also be present. These 
complications are rare in children. However, up to 15% 
of children may have an increased rate of mitral valve 
prolapse.” Furthermore, increased left ventricular mass 
has been demonstrated in children with ADPKD, even 
before the development of hypertension. Endocardial 
fibroelastosis is rarely reported in children. 

Also rare in children are vascular abnormalities. 
Aneurysms occur anywhere along the aorta, and poten- 
tially are life-threatening conditions. Cerebral aneurysms 
are a dreaded complication of ADPKD, and familial 
clustering of ruptured aneurysms occurs.! 


Diagnosis 

Specific diagnostic criteria for ADPKD in children 
have not been established. Prenatal diagnosis may be 
suspected in fetuses with enlarged kidneys. In pediatric 
patients known to be at-risk for ADPKD (those with a 
parent with ADPKD and a resultant 50% risk of disease), 
the finding of one cyst or bilateral echogenic cysts Gin 
the newborn) is diagnostic.®!? Since simple cysts are 
rare in children (unlike adults, in whom one or two cysts 
might be considered a normal finding), the finding of a 
single cyst in a child not known to be at risk should raise 
the suspicion of PKD and merit further investigation. It 
is not uncommon for children to be diagnosed with 
ADPKD when one or more cysts of the kidney are detected 
as an incidental finding during radiographic evaluation 
for an unrelated problem. 

Both parents of a child with ADPKD should undergo 
screening ultrasonography. Because ADPKD is a slowly 
progressive disease and adults may not become sympto- 
matic until the third or fourth decade of life, the finding 
of a normal ultrasound in parents who are aged less than 
30 years does not preclude the diagnosis of ADPKD. 
Moreover, the grandparents should also be considered 
for screening by ultrasound.® Conversely, because adults 


in their 20s and 30s may not be symptomatic, parents of 
children with ADPKD may be unaware that they are 
affected. In fact, a small subset of adults with ADPKD is 
diagnosed as part of the evaluation of cystic kidneys in 
their child. 

A genetic diagnosis is possible in both PKD1 and 
PKD2 families by linkage analysis. In large informative 
families, the accuracy of diagnosis is >90%, but only 
about 50% of families have sufficient numbers of 
affected and unaffected members able or willing to be 
tested.!? Considerable advances have been made in tech- 
niques of direct mutation analysis. However, because of 
the complexity of the PKD1 gene, the accuracy of these 
techniques remains to be determined. An up-to-date list- 
ing of laboratories performing genetic testing is available 
at http://www.geneclinics.org. 

The issue of screening presymptomatic children who 
have a parent with ADPKD remains controversial. In 
most instances of adult-onset diseases without specific 
therapies, the general consensus is that presymptomatic 
children should not be screened.!? The ethical dilemma 
is that of allowing an adult to act in the best interests of 
a child without knowing what the child might really 
want to have done. In the case of ADPKD, because of its 
relatively slow progression, the finding of a normal renal 
ultrasound may be falsely reassuring. Alternately, the 
finding of cysts in an otherwise asymptomatic child may 
have significant psychosocial and financial implications. 
Diagnosing ADPKD in a presymptomatic individual may 
not always be in that person’s best interests. A more 
prudent approach would be to check the urine, blood 
pressure, and serum creatinine concentration and 
proceed with imaging studies only if any of these are 
abnormal. Such at-risk children, however, should 
undergo regular monitoring of blood pressure and 
urinalysis. Because of the complexities of these issues, 
practitioners should refer these individuals to a pediatric 
nephrologist before undertaking any diagnostic studies 
of presymptomatic children. 
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Treatment and Prognosis 


There are no disease-specific therapies for ADPKD. 
Although a number of dietary and pharmacologic thera- 
pies, such as a soy protein diet and lipid-lowering agents, 
have been studied in ADPKD, none has consistently 
been shown to significantly impact disease progression 
in humans.‘ Infants with ADPKD are managed in much 
the same way as those with ARPKD, including control of 
hypertension, close attendance to electrolyte and renal 
function, and monitoring of growth and development.® 
In the older child, treatment focuses on the management 
of renal-related complications, since extra-renal manifes- 
tations (except for mitral valve prolapse) are generally 
rare in children. As with any other kidney disease, 
control of hypertension is essential. ACE inhibitors (or 
angiotensin II receptor blockers) are generally first-line 
therapy. However, it has not been clearly established 
whether these agents carry any additional benefit over 
other anti-hypertensive agents in their impact on disease 
progression. UTI is common in ADPKD, and because the 
cysts may be discontinuous with the tubular lumen, 
treatment requires the use of antibiotics that penetrate 
the cyst lumen. Cyst infection may be particularly prob- 
lematic for the same reason, and localized cyst infection 
may be present despite the finding of a negative urine 
culture. Conversely, pyuria may be seen in the absence 
of infection, further complicating the clinical picture. In 
addition, agents traditionally used to treat UTIs - includ- 
ing cephalosporins and aminoglycosides - are generally 
ineffective in penetrating cysts. Antibiotics such as 
ciprofloxacin and sulfonamides are more effective, and 
should be used for the treatment of suspected UTI in 
ADPKD patients, particularly those who have persistent 
pain or fever. Rarely, persistently infected cysts require 
laparoscopic drainage. 

Flank pain, due to cyst expansion, can be significant 
and debilitating. Short-term narcotic administration may 
be necessary, but chronic use should be avoided 
because of the risk of dependence or addiction. Referral 
to a pain management team may be helpful. Patients 
with one or more very large cyst may be candidates for 
laparoscopic cyst decortication. Routine radiographic 
screening for cerebral aneurysms is generally not recom- 
mended. Although magnetic resonance angiography 
(MRA) will detect the majority of aneurysms, the finding 
of a negative study does not preclude their subsequent 
development. MRA is generally reserved for sympto- 
matic patients (such as those with recurrent headache) 
or those with a family history of cerebral aneurysm. 

Approximately 50% of patients with ADPKD will 
progress to ESRD.!°!? Patients with PKD1 typically 
progress to ESRD about 15 years prior to those with 
PKD2 (mean age 53 years versus 69 years). However, it 
should be stressed that individual disease courses may 


vary significantly. In addition, genotype-phenotype 
correlations have not been established, so identifying 
the patient’s specific mutation may not be helpful in 
determining his or her prognosis. Children with certain 
clinical findings, such as multiple cysts with hyper- 
tension, may be at increased risk for more rapid disease 
progression.® Despite the high likelihood of progression 
to ESRD in adulthood, the majority of pediatric patients 
with ADPKD maintain normal renal function during 
the course of childhood. 


GLOMERULOCYSTIC KIDNEY DISEASE 


Glomerulocystic kidney disease (GCKD) is a relatively 
rare heterogeneous group of inherited and non-inherited 
cystic kidney diseases characterized by cysts restricted 
to the glomeruli.” It may occur as a subset of ADPKD. 
Alternately, it may occur as an isolated renal disease, 
either as a sporadic or a non-syndromal heritable 
disorder. GCKD may also occur as a major component of 
various malformation syndromes. 

With the exception of GCKD occurring as a compo- 
nent of ADPKD, the genetics of the disorder are not fully 
defined. Familial GCKD with isolated renal disease is 
inherited in an autosomal dominant fashion in some 
instances. A clinically distinct subset of GCKD is the 
hypoplastic variant, a rare autosomal dominant disorder 
reported in only a few kindreds. A disease-causing gene 
for this variant is the hepatocyte nuclear factor-1beta, 
which encodes a protein of the same name that func- 
tions as a transcription factor. However, the mechanism 
by which this abnormal protein results in cyst formation 
remains to be determined. GCKD is a major component 
of a number of congenital syndromes including 
Trisomy 13, short rib-polydactyly, brachymesomelia-renal 
syndrome and orofaciodigital syndrome, type I. It is a 
minor component of several other syndromes such as 
Zellweger syndrome.° 

The pathogenesis of GCKD remains undefined. In 
most forms of GCKD, the kidneys are enlarged. Cystic 
involvement in GCKD may involve both kidneys equally, 
or be asymmetric. Microscopic examination demonstrates 
dilated Bowman’s spaces with primitive-appearing 
glomeruli. The remaining portions of the nephron are 
generally uninvolved until late in the disease course, 
when tubular atrophy and interstitial fibrosis may be 
evident. Both sporadic forms of GCKD and the GCKD 
form of ADPKD are associated with hepatic abnormali- 
ties in a minority of patients. In the hypoplastic GCKD 
variant, the kidneys are small. Histologically, there is 
evidence of glomerular cysts with abnormal collecting 
systems and abnormal (or absent) papillae. 

Patients with primary GCKD usually present with 
hypertension and variable degrees of renal insufficiency. 


Those with GCKD associated with congenital syndromes 
will present with features of their respective syndromes. 
GCKD typically presents in infancy with enlarged flank 
masses and may be indistinguishable clinically from 
patients with ARPKD or early-onset ADPKD. A smaller 
percentage of patients with GCKD present as adults with 
features more typical of ADPKD, such as hypertension, 
flank pain, and hematuria. An autosomal dominant 
pattern of inheritance may be seen in this latter group. 
Since several of the case series describing these kindreds 
were published prior to the availability of genetic testing 
for ADPKD, it is difficult to determine if this group 
actually represents the GCKD form of ADPKD. 

Ultrasound studies show that patients with sporadic 
or inherited GCKD have enlarged echogenic kidneys 
with evidence of small cortical cysts. Patients with the 
hypoplastic variant generally have small kidneys on 
imaging studies. 

The heterogeneity of GCKD and the variability in 
clinical course makes it difficult to determine the prog- 
nosis. However, although the hypoplastic variant may 
show evidence of renal insufficiency early in life, the 
subsequent progression of renal disease is slow. 


CYSTIC DISEASES ASSOCIATED 
WITH CONGENITAL SYNDROMES 


Polycystic kidneys may occur as a major or minor 
component of many inherited and sporadic congenital 
syndromes. In the majority of cases, the kidneys demon- 
strate histologic evidence of cystic dysplasia, rather than 
true PKD. Specific details of cystic dysplasia are 
addressed in Chapter 29. Examples include Meckel, 
Jeune, and Ivemark syndromes. The Online Mendelian 
Inheritance in Man (OMIM) database chttp://www3.ncbi. 
nim.hih.gov/OMIM) provides an updated list and 
description of inherited disorders associated with poly- 
cystic cystic kidneys and/or diffuses cystic dysplasia. 

Patients with cystic kidneys associated with congeni- 
tal syndromes may present as infants with signs and 
symptoms that may be initially confused with ARPKD, 
including bilateral enlarged flank masses, hypertension, 
renal insufficiency, and variable degrees of the oligo- 
hydramnios sequence. The hallmark of syndromic cystic 
diseases, however, is the presence of extra-renal features 
of the underlying syndrome, thus highlighting the impor- 
tance of a careful physical examination in all patients 
with suspected polycystic kidneys. Other congenital 
renal lesions, such as obstructive uropathy, can often be 
associated with cystic changes and enlarged kidneys, but 
these are easily distinguishable by ultrasonography. 

Two specific inherited syndromes associated with 
polycystic kidneys bear mention, in part, because the 
associated abnormalities may not be fully evident when 
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the kidney disease is first detected. Tuberous sclerosis 
(TS) is associated with both ADPKD and GCKD. In the 
case of the former, several families have been identified 
in which TS and severe childhood-onset ADPKD occur 
in the same patient. Genetic analysis of these families has 
demonstrated linkage to the chromosome 16 region that 
contains the genes for both TS and ADPKD (PKD1). 
Additional investigations showed that these patients 
have large deletions that span both genes, resulting in a 
contiguous gene syndrome. Von Hippel-Lindau disease 


MAJOR POINTS 


e Referral to a pediatric nephrologist is recommended 
for all children with suspected PKD. 

¢ Both ARPKD and ADPKD can present in the fetus, 
newborn, older child or adolescent, although ARPKD 
occurs more commonly than ADPKD in neonates and 
young infants. 

¢ The mutated genes for both ARPKD (PKHDJ) and 
ADPKD (PKD1, PKD2) have now been identified, 
although the pathogenesis of both disease types has 
not been fully defined. 

e Several inherited and non-inherited disorders may 

present as bilateral enlarged echogenic kidneys in 

the neonate. 

Polycystic kidneys (diffuse cystic dysplasia) are 

a component of a variety of congenital 

syndromes. Detailed family histories and physical 

examinations are key to identifying this group 

of patients. 

Disease in ARPKD is confined to the kidneys and 

liver, whereas ADPKD is a systemic disease with 

potential involvement of multiple organs. 

¢ ARPKD patients with ductal plate fibrosis may 

not present with the typical features of 

cholangitis such as abnormal liver enzymes and 

fever. Instead, they may have unexplained 

recurrent episodes of fever with Gram-negative 

bacteremia. 

Renal ultrasonography of the parents may help 

to distinguish ADPKD from ARPKD in a child 

with polycystic kidneys. The finding of a 

negative ultrasound in a parent aged under 

30 years, however, does not exclude the diagnosis 

of ADPKD. 

Routine ultrasonography of an asymptomatic 

child who has a parent with ADPKD is generally 

not recommended. Referral to a pediatric 

nephrologist is recommended for all 

asymptomatic patients at risk for ADPKD for 

whom radiographic imaging or genetic testing 

is being considered. 

The diagnosis of ADPKD in a presymptomatic 

individual may impose psychological and 

financial burdens. 
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is an autosomal dominant disorder characterized by 
renal cell carcinoma, pheochromocytoma and eye, spine 
and brain hemangioblastomas. Cysts in the kidneys and 
pancreas may also be seen, and can occasionally be 
confused with ADPKD. A detailed family history is essen- 
tial to identify these patients. 

Morbidity and mortality of children with ARPKD and 
early-onset ADPKD has improved over the past few 
decades with modern obstetrical and neonatal intensive 
care, careful attention to growth and development, 
improved control of hypertension, and advances in renal 
replacement therapy. However, both diseases continue 
to be important causes of ESRD in the pediatric (and 
adult) populations. The challenge remains to identify 
therapies that will slow or prevent progression of 
disease. Although currently not available, it is hoped that 
with the advances made in the understanding of genetics 
and pathogenesis of these diseases, newer, disease- 
specific therapies may become available in the future. 
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Introduction 


Classification 

Abnormalities of Position 

Multicystic Kidney 

Renal Adysplasia and Dysplasia 

Unilateral Renal Agenesis 

Bilateral Renal Agenesis 

Isolated Dysplasia and Adysplasia 

Dysplasia and Adysplasia in Regional Defects 
Prune Belly Syndrome (PBS) 

Posterior Urethral Valves PUV) 

Dysplasia and Adysplasia with Multiple Congenital Anomalies 
Branchio-Otorenal Dysplasia (BOR Syndrome) 
Mayer-Rokitansky-Kuster-Hauser Syndrome 

Acrorenal Syndromes 
Ectodermal Dysplasia-Ectrodactyly-Cleft Lip and/or Palate 

(EEC 1) Syndrome 
VACTERL/VATER Association 
Fanconi Anemia (Pancytopenia) Syndrome (FA) 
Thrombocytopenia Absent Radius Syndrome (TAR) 
Townes-Brocks Radial-Ear-Anal-Renal Syndrome (TBS) 
Polycystic Kidneys 

Tuberous Sclerosis (T'S) 

Cystic Kidneys with Autosomal Recessive Inheritance 

Meckel Syndrome (MKS 1, MKS 2) 

Jeune Asphyxiating Thoracic Dystrophy Syndrome 

Renal-Hepatic-Pancreatic Dysplasia (Ivemark Syndrome) 

Hypoplastic Kidneys 

Glomerulocystic Kidneys 

Dysgenetic Kidneys 
Congenital Hypernephronic Nephromegaly with Tubular 
Dysgenesis 

In-Utero Exposure to Teratogens 

Overgrowth Syndromes 

Beckwith-Wiedemann Syndrome 

Perlman Syndrome with Renal Hamartomas, Nephroblastomatosis, 

and Fetal Gigantism 

Simpson-Golabi-Behmel Syndrome, Type 1; SGBS1 


Developmental 
Abnormalities of 
the Kidneys 
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Inborn Errors of Metabolism 
Glutaric Aciduria Type I (Multiple Acyl-CoA Dehydrogenase 
Deficiencies) 
Zellweger Cerebrohepatorenal Syndrome 
Carbohydrate-Deficient Glycoprotein Syndrome 


INTRODUCTION 


Prenatal ultrasonography, improved ventilator and 
nutritional support, and progress in dialysis techniques 
for newborns and renal transplantation for young 
children have changed the natural history of many devel- 
opmental abnormalities of the kidneys. A team approach 
is needed to evaluate carefully the information obtained 
from many sources in order to manage optimally a 
newborn with a genetic or developmental disorder of 
the kidneys. Errors occur when there are insufficient 
data, inadequate communication, and poor understand- 
ing of the natural history of these disorders. Many 
newborns that previously might have died can now be 
dialyzed (albeit with difficulty) and transplanted when 
they reach about 10 kg body weight. A precise diagnosis 
should be made before starting dialysis, because some 
problems impose enormous ethical, emotional, and 
financial burdens on families. The diagnosis depends on 
the evaluation of the prenatal history, results of fetal 
ultrasonography, family history, clinical examination, 
imaging studies of the infants and parents when indi- 
cated, laboratory studies Gincluding DNA tests if avail- 
able), and interpretation of pathology (Box 29-1). Ear 
abnormalities and single umbilical arteries are often 
cited as reasons to exclude a renal anomaly, but these 
associations are quite uncommon. Autosomal recessive 
polycystic kidney disease (ARPKD) and autosomal domi- 
nant polycystic kidney disease (ADPKD, PKD) are 
described in detail elsewhere (see Chapter 28), and will 
only be alluded to in this chapter. 
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Box 29-1 Guiding Principles in 


Abnormalities of the Kidneys 


Box 29-2 Features of Multicystic 
Kidney 


Few genetic renal disorders are confined to 

the kidneys 

Many syndromes have renal involvement 
Urogenital ultrasonography should be performed 
in all newborns with multiple defects 
Ultrasonography features can change over time 
Variable expression of congenital renal defects may 
occur within a family, and among kindreds 


CLASSIFICATION 


There are many classifications of cystic and dysplastic 
kidneys. Some classify according to gross features such 
as abnormalities of position (ectopic kidney, horseshoe 
kidney), size (hypoplastic kidneys), abnormal develop- 
ment (dysplasia), or presence of cysts (multicystic, poly- 
cystic). Within each category the abnormalities may be 
sporadic or inherited. 


Abnormalities of Position 


Ectopic kidney, horseshoe kidney, and crossed fused 
ectopia are abnormalities in position of the kidney(s). 
Unless associated with dysplasia, vesicoureteric reflux 
CVUR), or obstruction, there are few long-term effects. 
These kidneys are at risk for the same problems as those 
in normal positions, although a pelvic horseshoe kidney 
may cause problems in pregnant women. Horseshoe 
kidney occurs with increased frequency in Turner 
syndrome and other syndromes. A voiding cystourethro- 
gram should be performed to exclude vesicoureteric 
reflux, and a radionuclide scan carried out if there is 
evidence on ultrasonography of obstruction. 


Multicystic Kidney 


A multicystic kidney is the result of abnormal meta- 
nephric differentiation. This is the second most common 
cause of a flank mass in the newborn. The prevalence 
rate is 1 in 4300. A true multicystic kidney is usually a 
sporadic, non-syndromal, congenital anomaly. The diag- 
nosis is made in utero by prenatal ultrasonography or by 
detection of an abdominal mass, or by the evaluation of 
a urinary tract infection (UTD. Multicystic kidney is rarely 
the cause of symptoms in the newborn. Multicystic 
kidney must be differentiated from obstructive cystic 
renal dysplasia associated with hydronephrosis and 
other causes of obstructive uropathy by performing a 


e Usually unilateral 

e No continuity between glomeruli and calyces 

¢ The kidney does not function 

¢ The contralateral kidney may be normal, absent, 
hydronephrotic, ectopic, or dysplastic 

e There may be vesicoureteric reflux 


radionuclide scan. The multicystic kidney does not func- 
tion. The contralateral kidney is usually normal, but in 
up to 50% of the cases the other kidney may be absent, 
hydronephrotic, ectopic, have VUR, and occasionally it 
may be dysplastic. Most patients are followed by yearly 
ultrasonography. Spontaneous involution often occurs 
without complications of infection, bleeding, or malig- 
nancy (Box 29-2), 23:24 


Renal Adysplasia and Dysplasia 


Adysplasia encompasses a spectrum of renal anom- 
alies that include renal agenesis, hypoplasia, and dyspla- 
sia.>!© This may occur sporadically, in a patient, as an 
inherited defect without other major abnormalities, or as 
part of a syndrome. Adysplasia and dysplasia can be the 
result of a single autosomal recessive or dominant gene 
disorder, multifactorial inheritance, chromosomal disor- 
ders, or in-utero infections or toxins.!! One kidney may 
be absent (‘A’ for agenesis), and the contralateral kidney 
may be normal or dysplastic. Both may be dysplastic but 
have sufficient function to sustain life for variable peri- 
ods of time. The clinical picture depends on the severity 
of the renal anomaly, whether it is unilateral or bilateral, 
and the presence of associated anomalies. Prenatal diag- 
nosis by ultrasonography is possible, especially if there is 
oligohydramnios or associated anomalies such as limb 
deformations (Box 29-3). 


Unilateral Renal Agenesis 


Unilateral renal agenesis is usually an isolated, non- 
syndromal, sporadic abnormality that is detected during 


Box 29-3 Features of Renal 


Cystic Dysplasia 


e May be unilateral or bilateral 

¢ Kidneys may or may not be cystic 

e Disorganized architecture 

e Often contains ectopic tissues (cartilage, muscle) 
¢ Reduced renal function 


prenatal ultrasonography. Unilateral renal agenesis is a 
more important finding if the solitary kidney is abnor- 
mal, or is part of a syndrome, or is an expression of 
hereditary renal dysplasia. The incidence is 1 in 500-800 
live births. If the solitary kidney is normal, there is little 
risk of chronic renal failure. The newborn must be 
examined carefully for additional anomalies - cleft 
palate, preauricular pits, cardiac and vertebral defects, 
and miillerian duct aplasia. A voiding cystourethrogram 
(VCUG) should be performed to exclude VUR. No eval- 
uations are needed after 1 year of age if renal function is 
normal and renal ultrasonography shows normal kidney 
growth, no cysts, and compensatory hypertrophy. 


Bilateral Renal Agenesis 


Bilateral renal agenesis occurs as an isolated, non- 
syndromal, sporadic abnormality detected during pre- 
natal ultrasonography. It can also be a component of a 
syndrome such as the branchio-otorenal dysplasia (BOR) 
syndrome, or a feature of hereditary renal adysplasia. 
There can be variable expression within a family, and 
both autosomal recessive and dominant inheritance 
occur. The incidence is about 1 in 3000 births. Bilateral 
renal agenesis is an important cause of the oligohydram- 
nios sequence (Potter syndrome), in which decreased 
amniotic fluid causes uterine compression of the fetus. 
This produces the Potter facies with wide-set eyes, a 
prominent skin fold that extends from medial canthus to 
cheek, a parrot-beak nose, pliable low-set ears, and 
receding chin (Boxes 29-4 and 29-5). There are lower-limb 
deformations and a narrow, small chest with pulmonary 
hypoplasia. The newborn infant is anuric, and dies from 
azotemia and pulmonary insufficiency. 


Isolated Dysplasia and Adysplasia 


The incidence of non-syndromal bilateral renal dyspla- 
sia is about 15 per 100,000 newborns.!3 Modes of trans- 
mission are autosomal dominant inheritance and 
multifactorial inheritance. There may be incomplete 
penetrance and variable expression so that a parent and 
siblings may be unaffected, have unilateral dysplasia, or 


Box 29-4 Features of the 


Oligohydramnios Sequence 
(Potter Syndrome) 


¢ Deformation of the limbs 

e Pulmonary hypoplasia 

e Flat face, beaked nose and low-set ears 
e Ears appear big because they are simple 
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Box 29-5 Causes of the Oligohydramnios 


Sequence 


Obstructive uropathy Posterior urethral valves 
Prune belly syndrome 
Bilateral renal agenesis 
Bilateral renal cystic dysplasia 
Renal tubular dysgenesis 
Autosomal recessive polycystic 
kidneys 
Autosomal dominant polycystic 
kidneys 


Renal anomalies 


Chronic leakage of 
amniotic fluid 


unilateral agenesis. Sporadic adysplasia may be caused 
by a new mutation or inheritance of the gene(s) from a 
non-manifesting parent. First-degree relatives should be 
screened by ultrasonography if genetic counseling is 
requested. The empiric risk of bilateral renal adysplasia 
for future siblings is 3.5%.° The recurrence risk increases 
if two siblings are affected. 


Dysplasia and Adysplasia 
in Regional Defects 


Renal adysplasia occurs in prune belly syndrome 
(PBS) and posterior urethral valves (PUV), possibly as a 
result of obstructive uropathy. The renal pathology 
ranges from minor anomalies to severe dysplasia with or 
without cysts. 


Prune Belly Syndrome (PBS) 

The features of PBS are deficient abdominal wall 
muscles, unilateral or bilateral undescended testes, and 
urinary tract abnormalities. Females are rarely affected, 
but may have uterine or vaginal anomalies. PBS is also 
associated with lower-intestinal tract malrotation and 
atresias, lower-limb deformations, and cardiovascular 
defects. 


Posterior Urethral Valves (PUV) 

PUV are characterized by urethral valves, either a flap 
valve or a diaphragm in the prostatic urethra, and 
features of obstructive uropathy. 

A dilated prostatic urethra, megacystis, and mega- 
ureters can occur in both conditions. The most frequent 
clinical presentation in the newborn of both conditions 
consists of features of the oligohydramnios sequence. 
The survival of newborns with PBS or PUV depends on 
the severity of pulmonary hypoplasia and the severity of 
renal dysplasia. PBS or PUV are usually isolated occur- 
rences, although PUV may occur in families and in 
malformation syndromes. 
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Dysplasia and Adysplasia with Multiple 
Congenital Anomalies 


Branchio-Otorenal Dysplasia (BOR Syndrome)!’ 

The incidence of this condition is 1 in 40,000 of the 
population, and it occurs in 2% of profoundly deaf 
children. Renal abnormalities include bilateral renal 
agenesis, bilateral hypoplasia or dysplasia, unilateral 
renal agenesis with contralateral hypoplasia or dysplasia, 
ureteropelvic obstruction, and VUR. The kidneys may be 
normal. Renal function ranges from normal to severe 
reduction in glomerular filtration rate. Extra-renal mani- 
festations are preauricular pits, malformations in the 
external, middle, and inner ear; and hearing loss. There 
may be cervical fistulas or cysts. Inheritance is autosomal 
dominant, with high penetrance and variable expres- 
sion. One mutant gene, FYA/, is on chromosome 
8q13.3. The prognosis depends on the severity of the 
renal disorder. 


Mayer-Rokitansky—Kuster—Hauser Syndrome 

This syndrome appears to be sporadic in most cases, 
but may be associated with a mutation in the gene 
encoding the hepatocyte nuclear factor CHNF)-1beta. 
The features are renal adysplasia with Mullerian anom- 
alies of vaginal atresia and bicornuate or septated 
uterus.?? Fallopian tubes, ovaries, and broad and round 
ligaments are normal. There is a normal female karyo- 
type, and normal secondary sexual development. 


Acrorenal Syndromes 


Ectodermal Dysplasia-Ectrodactyly-Cleft Lip 

and/or Palate (EEC 1) Syndrome 

In this condition there are combinations of urogenital 
defects, ectrodactyly affects, ectodermal dysplasia, cleft- 
ing, lachrymal ducts anomalies, and conductive hearing 
loss. Inheritance is autosomal dominant, with variable 
penetrance and expression. 


VACTERL/VATER Association 

This is defined by combinations of vertebral anom- 
alies, anal atresia, congenital cardiac disease, tracheo- 
esophageal fistula, renal abnormalities, and radial-limb 
dysplasia. VACTERL is usually sporadic. Patients with 
features of VACTERL must be tested for Fanconi anemia. 


Fanconi Anemia (Pancytopenia) Syndrome (FA) 

Congenital malformations occur in 60% of cases. 
Affected patients may have renal malformations, short 
stature, café-au-lait spots, radial-ray abnormalities, 
gastrointestinal, microcephaly, skeletal abnormalities; 
in males there are also genital anomalies, hypogonadism, 
and infertility. There is chromosomal instability and 


mutagen hypersensitivity in cells. Inheritance is autoso- 
mal recessive, with variable expression and mutations in 
one of at least seven different genes. !4 


Thrombocytopenia Absent Radius 
Syndrome (TAR) 
Renal anomalies may occur in this syndrome. 


Townes-—Brocks Radial-Ear-Anal-Renal 

Syndrome (TBS) 

The clinical features of this syndrome include broad, 
bifid, or triphalangeal thumb; flat thenar eminences; 
small, ‘lop,’ or ‘satyr’ external ear, preauricular pits or 
tags; sensorineural hearing loss; and imperforate or 
stenotic or anteriorly placed anus. Renal and urological 
anomalies encompass renal hypoplasia, renal dysplasia, 
unilateral renal agenesis, horseshoe kidney, PUV, 
uretero-vesical reflux, and meatal stenosis.!? Inheritance 
is dominant, with a defect in the gene encoding SALL1 
on chromosome16q12.1. 


POLYCYSTIC KIDNEYS 


The term polycystic kidney is applied to both auto- 
somal recessive and autosomal dominant polycystic 
kidneys. There are at least two cysts in one kidney and 
one in the other, or three cysts in one kidney. There is 
no renal dysplasia, and there is continuity of the lumen 
of the nephron from the uriniferous space to the urinary 
bladder. Patients with tuberous sclerosis, orofacial- 
digital syndrome, and Hadju-Cheney syndrome may 
have various kinds of cystic kidneys including polycystic 
kidneys. Autosomal recessive and autosomal dominant 
polycystic kidney disease (ARPKD and ADPKD) are 
discussed in Chapter 28. Tuberous sclerosis is also 
discussed in Chapter 28, but its details are reiterated in 
this chapter to reinforce the importance of thinking 
about this important condition in patients with various 
types of cystic kidney diseases. 


Tuberous Sclerosis (TS) 


TS is characterized by hamartomata in numerous 
organs. Rarely, polycystic or unilateral cystic disease is 
found in a newborn in which a diagnosis of TS is 
made later (Table 29-1). In TS, the renal cysts are identi- 
cal to simple cysts or to dominant polycystic disease in 
their appearances in ultrasonographic, intravenous 
urography, and computed tomography scans. Non- 
symptomatic renal lesions, cysts and/or angiomyolipo- 
mas, occur in about 60% of individuals with TS.? Skin 
lesions occur in 96%, and additional problems are 
epilepsy, learning difficulties, and behavioral problems. 
‘Ash leaf hypopigmented nevi may be the only skin 
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Table 29-1 Syndromes with Polycystic Kidney Disease that Resemble Autosomal Recessive Polycystic 


Kidney Disease (ADPKD) 


Condition MIM# Locus Mutated Product Inheritance 
Polycystic kidney disease PKD1 179,300 16p13.3-p13.12 Polycystin AD 
Polycystic kidney disease PKD2 179,300 4q13-q23 Polycystin AD 
Tuberous sclerosis TSC2 191,100 16p13.3 Tuberin AD 
Tuberous sclerosis TSC1 191,100 9q34 Hamartin AD 
Von Hippel-Lindau disease VHL Xp22 AD 
Oral-facial digital syndrome OFD1 311,200 XL 
Hadju-Cheney syndrome XL 


MIM# = Mendelian Inheritance in Man number; AD = autosomal dominant; XL = X-linked. 


manifestation of TS in infants, and babies with polycystic 
kidneys must be examined for these nevi under ultra- 
violet light. Shagreen patches and adenoma sebaceum 
develop before the age of 14 years; nail fibromata appear 
after 5 years. Ventricular rhabdomyomas and seizures 
may occur in infancy. Patients usually survive to adoles- 
cence and adulthood, but those with early-onset 
polycystic kidneys may develop end-stage renal failure. 
Inheritance is autosomal dominant, with variable 
expression within a family, non-penetrance of the gene, 
or germinal mosaicism. A parent with the gene may 
appear unaffected, so the parents must also be examined 
clinically and by imaging studies for stigmata of TS. TS is 
linked in half the cases to a gene TSC1 Chamartin’) on 
chromosome 9q34. In other patients TS is linked to a 
marker gene, TSC2 (‘tuberin’), near the locus for PKD 1 
on chromosome 16p13.3.75 


CYSTIC KIDNEYS WITH AUTOSOMAL 
RECESSIVE INHERITANCE 


Meckel Syndrome 


In Meckel syndrome (MKS 1, MKS 2), polycystic 
kidneys are an obligatory feature; a consistent feature is 
hepatic fibrosis with variable reactive ductule prolifera- 
tion, dilation, and portal fibrosis (Box 29-6).’ Other 
features include a sloping forehead, posterior encephalo- 
cele, microphthalmia, postaxial polydactyly, and 
ambiguous genitalia. Some 50% of MKS patients have 
oligohydramnios, with perinatal death. The incidence of 
MKS is 1 in 9000. Inheritance is autosomal recessive, 
with variable expression within and among families.'? 
Gene loci are on chromosomes 17q22-q23 (MKS 1) and 
11q13 (MKS 2).!8 Prenatal diagnosis is possible by ultra- 
sonography and by the detection of increased alpha- 
fetoprotein levels in amniotic fluid. 


Jeune Asphyxiating Thoracic 

Dystrophy Syndrome 

The inheritance of asphyxiating thoracic dystrophy 
syndrome is autosomal recessive with variable expres- 
sion (Box 29-7). There are respiratory distress, dysostoses, 
renal cystic disease, and congenital hepatic fibrosis. 
Dysostoses include short ribs, small and long thoracic 
cage, small pelvis, trident acetabular margins, short and 
thick second and third phalanges, cone-shaped epiphy- 
ses, handle-bar clavicle, and mesomelic shortening of the 
limbs.!° Three different morphologic lesions of the 
kidneys have been described: (1) dilated proximal 
and distal tubules and Bowman capsule with interstitial 
fibrosis; (2) cystic dysplasia and disorganized renal 


Box 29-6 Conditions with Abnormal 


Kidneys and Congenital 
Hepatic Fibrosis (CHF) 


CHF and polycystic kidneys 

Autosomal recessive polycystic kidneys 
Autosomal dominant polycystic kidneys 

CHF and hereditary tubulointerstitial nephritis 
Juvenile nephronophthisis 

Biedl-Bardet syndrome 

Jeune syndrome (asphyxiating thoracic 
chondrodystrophy) 

CHF and hereditary renal dysplasia 

Meckel syndrome 

Chondrodysplasia syndromes 
Renal-hepatic-pancreatic cystic dysplasia 
(vemark syndrome) 

Zellweger syndrome 

COACH syndrome (hypoplasia of Cerebellar vermis, 
Oligophrenia, congenital Ataxia, Coloboma, and 
Hepatic fibrosis) 
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Box 29-7 Differential Diagnosis of Jeune 


Asphyxiating Thoracic 
Dystrophy Syndrome 


e Ellis-van Creveld syndrome 

e Saldino-Noonan short rib-polydactyly syndrome 
(Type ID 

e Majewski short rib-polydactyly syndrome 

e Naumoff syndrome (Type IID 


architecture; and (3) chronic tubulointerstitial disease 
resembling juvenile nephronophthisis. Survivors have 
metaphysical dysplasia with short-limb dwarfism, and 
may progress to end-stage renal failure. Prenatal diagnosis 
by ultrasonography is possible by 18 weeks’ gestation. 


Renal-Hepatic-Pancreatic Dysplasia 
(ivemark Syndrome) 


The inheritance of Ivemark syndrome is autosomal 
recessive. Patients may have the oligohydramnios 
sequence, and the kidneys may be dysplastic with 
peripheral cortical cysts, primitive collecting ducts, 
glomerular cysts, and metaplastic cartilage. There is 
fibrosis of the liver and pancreas. Most patients die from 
respiratory insufficiency during the newborn period. 


HYPOPLASTIC KIDNEYS 


Hypoplastic kidneys are small, have fewer calyces, and 
may be dysplastic (Table 29-2). Simple hypoplasia, 
oligomeganephronia, and renal dysplasia are the types 
of small kidneys that are seen in the newborn. 
Oligomeganephronic kidneys are small, and have a 
decreased number of enlarged glomeruli, but this is prob- 
ably not a specific clinicopathologic entity. In simple 
hypoplasia, the renal architecture is normal, but there are 
decreased numbers of reniculi and small nephrons. 


Table 29-2 Differential Diagnosis of Small Kidneys 


Congenital Acquired 


Inherited 

Syndromal 

Dysplastic 

Cystic-dysplastic 

Reflux with cystic dysplasia 
Hypoplastic 
Glomerulocystic 
Oligomeganephronia 
Nephronophthisis 


Chronic pyelonephritis 
Chronic glomerulonephritis 
Renovascular accident 


GLOMERULOCYSTIC KIDNEYS 


In the purest form of glomerulocystic kidney, there 
are dilated Bowman spaces, with few or no cysts in the 
tubule.‘ The rest of the renal architecture is normal. The 
kidneys may be large or small. The liver is normal. 
Glomerular cysts are also seen in obstructive uropathy, 
in autosomal dominant polycystic kidneys, in association 
with malformations of other organs, in dysplastic kidneys, 
and in infants whose mothers received phenacetin or 
indomethacin during pregnancy. Glomerular cysts are 
often subcapsular and may contain more than one 
glomeruloid structure. Glomerulocystic kidneys may 
occur sporadically. An autosomal dominant inheritance 
is found in some kindred, in association with mutations 
in the gene encoding hepatocyte nuclear factor 
(HNF)-1beta and early-onset diabetes. 


DYSGENETIC KIDNEYS 


Congenital Hypernephronic 
Nephromegaly with Tubular Dysgenesis 


This is a rare autosomal recessive condition with late- 
onset oligohydramnios after 24 weeks of gestation; there 
are large non-functioning kidneys,! and the calvaria is 
abnormal (Box 29-8). By using ultrasonography, the 
kidneys are seen to be enlarged symmetrically, and the 
corticomedullary junction is poorly defined. There is an 
apparent increase in the number of glomeruli, and there 
are immature tubules without proximal convolutions. 
Prenatal diagnosis is not possible before 20 weeks’ gesta- 
tion. In all cases, the patients have died during the 
neonatal period. 


IN-UTERO EXPOSURE TO TERATOGENS 


Urogenital anomalies are found occasionally in infants 
exposed in utero to teratogens, although no convincing 
proof of a cause-and-effect relationship has been 
provided for associations in many of the single case 
reports (Box 29-9). 


Box 29-8 Underdeveloped Calvaria with 


Wide Sutures 


e Congenital hypernephronic nephromegaly with 
tubular dysgenesis 

¢ Finnish-type congenital nephrotic syndrome 

¢ Exposure in utero to angiotensin-converting enzyme 
inhibitors!” 


Box 29-9 Urogenital Anomalies Possibly 


Caused by In-Utero Exposure 
to Teratogens 


e ACE inhibitor embryopathy!” 

e Valproic acid and other anticonvulsant agents 

e Cocaine (and polydrug) use 

e Indomethacin may cause renal dysgenesis 

e Lead exposure and VACTERL association 

e Phenacetin and salicylate may cause glomerulocystic 
disease 

¢ Warfarin and unilateral renal agenesis 


OVERGROWTH SYNDROMES 


Beckwith-Wiedemann syndrome, Simpson-Golabi- 
Behmel syndrome and Perlman syndrome are over- 
growth syndromes, with overlapping features and 
kidneys that may be abnormal at birth. 


Beckwith-Wiedemann Syndrome 


Features of this condition include nephromegaly, 
Wilms’ tumor, medullary renal cysts, caliceal diverticula, 
hydronephrosis, and nephrolithiasis.2 The syndrome is 
caused by a mutation of a gene encoding a human cyclin- 
dependent kinase inhibitor, p57 (KIP2) on chromosome 
11p15.5. Patients should be screened using renal ultra- 
sound for Wilms’ tumor at 3-monthly intervals for the 
first 7 years of life. 


Perlman Syndrome with Renal 
Hamartomas, Nephroblastomatosis, 
and Fetal Gigantism 


Features of this syndrome include polyhydramnios, 
macrosomia, and bilateral nephromegaly with nephro- 
blastomatosis, visceromegaly, cryptorchidism, diaphrag- 
matic hernia, interrupted aortic arch, hypospadias, and 
polysplenia and renal findings of dysplasia, microcysts, and 
nephrogenic rests.7° Inheritance is autosomal recessive. 
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postaxial hexadactyly. Inheritance is X-linked. Some 
cases are caused by a mutation in the gene for glypican- 
3, which maps to Xq26. A second SGB syndrome locus 
(SGBS2 is located on Xp22).° 


INBORN ERRORS OF METABOLISM 


Glutaric Aciduria Type II (Multiple 
Acyl-CoA-Dehydrogenase Deficiencies) 


In glutaric aciduria Type II, the deficiencies in mito- 
chondrial enzymes (electron transfer flavoprotein or elec- 
tron transfer ubiquinone oxoreductase) are inherited as 
autosomal recessive traits. This is a rare condition. Clinical 
features are prematurity, hypotonia, hepatomegaly, 
nephromegaly, craniofacial anomalies, rocker bottom 
feet, anterior abdominal wall defects, and external genital 
anomalies. An odor of sweaty feet may be present. Within 
24 hours, there is severe hypoglycemia but no ketosis, a 
metabolic acidosis with an increased anion gap, and mild 
hyperammonemia. Organic acids are elevated in the urine, 
cerebrospinal fluid, and blood. Renal cystic dysplasia 
occurs in many cases.” Prenatal diagnosis may be possi- 
ble by assaying the enzyme in amniocytes or elevated 
glutaric acid in amniotic fluid. Prenatal ultrasonography 
may show enlarged cystic kidneys. Treatment is unsuc- 
cessful, and death occurs in days to months. 


Zellweger Cerebrohepatorenal Syndrome 


The clinical features of Zellweger cerebrohepatorenal 
syndrome, an autosomal recessive condition, are similar 
to those of glutaric aciduria Type II. In addition, there may 
be nystagmus, cataracts (sometimes oil droplets), pigmen- 
tary retinopathy, optic disc pallor, and stippled epiphyses 
of patella and acetabulum. There is no abnormal odor. 
The kidneys are enlarged. All peroxisomal functions are 
abnormal. Cortical renal cysts, brain heterotopias, abnor- 
mal gyri, absent corpus callosum, and micronodular 
cirrhosis are seen at post-mortem examination. Prenatal 
diagnosis is possible by enzyme assays in amniocytes or in 
chorionic villus cells. Most affected infants die by the age 
of 6 months, but those with a milder form survive into 
their teens with deafness, retardation, and seizures. 


Simpson-Golabi-Behmel Syndrome, 
Type 1; SGBS1 


Features include pre- and postnatal overgrowth, 
‘coarse’ face, hypertelorism, broad nasal root, cleft 
palate, full lips with a midline groove of the lower lip, 
grooved tongue with tongue tie, prominent mandible, 
congenital heart defects, arrhythmias, supernumerary 
nipples, splenomegaly, large dysplastic kidneys, crypt- 
orchidism, hypospadias, skeletal abnormalities and 


Carbohydrate-Deficient Glycoprotein 
Syndrome 


Multiple renal microcysts are found in the carbohy- 
drate-deficient glycoprotein syndrome.”! There is multi- 
system involvement with olivopontocerebellar atrophy, 
retinitis pigmentosa, testicular atrophy, hypothyroidism, 
and immune deficiency. Several glycoproteins are deficient 
in their carbohydrate moieties. Inheritance is autosomal 
recessive, and the prognosis is variable. 
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MAJOR POINTS 


e Definition of polycystic renal disease. 

e Many cysts in both kidneys. 

e There is no dysplasia. 

e There is continuity between glomeruli and calyces. 
e The kidneys may be very large. 
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INTRODUCTION 


Prenatal 


Some renal tubular disorders may be suspected and 
confirmed in utero. A prenatal diagnosis, however, 
requires chorionic villus sampling or amniocentesis. 
Therefore, this can only be performed after the diagno- 
sis of the condition in an older sibling. 


Neonatal 


A diagnosis of a renal tubular disorder cannot be made 
without an appreciation of normal renal maturation. 
Premature newborns (and even full-term newborns) can 
waste sodium and chloride and have variable combina- 
tions of aminoaciduria, glucosuria, phosphaturia, impaired 
potassium excretion, reduced reabsorptive capacity for 
sodium bicarbonate, and an inability to concentrate 
the urine maximally. In healthy newborns, these are 
transient aberrations that are usually isolated and do not 
cause problems. An exception is the low bicarbonate 
threshold in preterm infants that may cause a mild 
metabolic acidosis during the first few months of life. 
Very low-birth-weight newborns may have non-oliguric 
hyperkalemia, in part secondary to decreased Na*Kt- 
ATPase activity, which increases with maturation. 
Therefore, except in specific circumstances, it is not 
necessary to embark on a full-scale evaluation (Box 30-1). 

Postnatally, the possibility of a tubular disorder may 
arise when abnormal blood gas and electrolyte results 
are obtained. The initial manifestations of a renal tubular 
disorder may not include all the findings associated with 
the disorder. Three constellations of fluid and electrolyte 


231 


232 PEDIATRIC NEPHROLOGY AND UROLOGY: THE REQUISITES IN PEDIATRICS 


Box 30-1 Metabolic Causes of Jaundice 


in the Newborn 


¢ Hereditary fructose intolerance (HFD 
e Galactosemia 
e Tyrosinemia type 1 


imbalances should alert a neonatologist to the possibility 
of a disorder of renal tubular function. The combination 
of metabolic acidosis, hyperkalemia, and hypona- 
tremia is seen in renal dysplasias, obstructive uropathy 
(especially if complicated by a urinary tract infection), 
pseudohypoaldosteronism and congenital adrenal hyper- 
plasia, can present with these abnormalities. Metabolic 
acidosis, hypokalemia, and hypophosphatemia are the 
characteristic findings seen in patients with the renal 
tubular Fanconi syndrome. Metabolic alkalosis, 
hypokalemia, and hyponatremia occur in the Bartter 
syndromes. 

Important clinical clues for the presence of a renal 
tubular disorder are poor feeding, unexplained vomiting, 
dehydration, failure to thrive, drowsiness, irritability, 
tetany, seizures, and unexplained icterus. Isolated prox- 
imal renal tubular acidosis (RTA) is uncommon, and the 
need for large quantities of bicarbonate to correct a 
hyperchloremic metabolic acidosis is a clue to the diag- 
nosis. Fructose intolerance and galactosemia must be 
considered in a jaundiced newborn that has Fanconi 
syndrome. Hypophosphatemia and renal phosphate 
wasting are manifestations of X-linked hypophos- 
phatemic rickets, but it is uncommon for this to be diag- 
nosed in a newborn. Hyperchloremic metabolic acidosis 
with a decrease in the unmeasured anion gap and in the 
absence of diarrhea raises the possibility of distal RTA. 
Distal RTA rarely presents in the neonatal period, 
however. Pseudohypoaldosteronism, Bartter syndromes, 
and renal adysplasias must be considered in newborns 
with severe hyponatremia and renal salt wasting. 
Infants with Bartter syndrome are hypokalemic, whereas 
those with renal adysplasia, pseudohypoaldosteronism, 
and the renal tubular hyperkalemia syndromes are 
hyperkalemic. Hematuria, renal calculi, and nephrocalci- 
nosis with hypercalciuria can occur in newborns with 
and without prolonged use of furosemide. Primary 
hyperoxaluria type 1 may present in the newborn period 
with acute renal failure and nephrocalcinosis.!! 


Infants and Children 


Important clues to the presence of a renal tubular disor- 
der in infants and children, in addition to any of the above, 
are rickets, polydipsia, and polyuria. There are also symp- 
toms and signs that are specific for different syndromes. 


Examples are photophobia and retinopathy in cystinosis, 
Kaiser-Fleisher rings in Wilson disease, hepatocellular 
carcinoma in tyrosinosis type I. 


RENAL FANCONI SYNDROME OF 
PROXIMAL TUBULAR DYSFUNCTION 


Renal Fanconi syndrome is characterized by general- 
ized proximal renal tubular dysfunction with impaired 
net reabsorption of amino acids, bicarbonate, glucose, 
phosphate, urate, sodium, potassium, magnesium, 
calcium, and low-molecular-weight proteins. Renal 
excretion of these solutes and water is increased, and 
the serum concentrations of some are variably reduced. 
Hypophosphatemia results in vitamin D-resistant rickets, 
and bicarbonaturia causes a hyperchloremic metabolic 
acidosis. The clinical manifestations of renal Fanconi 
syndrome may include polyuria, dehydration, metabolic 
acidosis, and glycosuria. These features are often asyn- 
chronous. Growth retardation and rickets mostly occur 
later in infancy. (Table 30-1.) 


Cystinosis 


Affected individuals appear normal at birth, and 
develop manifestations of the renal Fanconi syndrome 
between 6 and 12 months of age. The diagnosis should 
be considered if there are features of the renal Fanconi 
syndrome in a patient with combinations of failure to 
thrive, photophobia, and rickets (Box 30-2). Inheritance 
is autosomal recessive. There is defective lysosomal 
transport of cystine. The cystinosis gene, CTNS, maps to 


Table 30-1 Causes of Proximal Renal 


Tubular Dysfunction 


Idiopathic Fanconi Syndrome 

Inherited causes Cystinosis, hereditary fructose 
intolerance 

Galactosemia, tyrosinemia (type D 
Oculocerebrorenal syndrome (Lowe 
syndrome), Fanconi-Bickel syndrome 
Mitochondrial cytopathies” 


Toxins e Cadmium, lead, mercury, platinum, 
uranium 
Medications e Aminoglycosides, cisplatin, ifosfamide, 


6mercaptopurine, outdated tetracycline 
Interstitial nephritis 

Renal transplantation 

Malignancies 

Multiple myeloma, amyloidosis, 
light-chain nephropathy, benign 
monoclonal gammopathy 


Immunologic injury 
of the proximal 
tubules 

Immunological 
(mainly in adults) 


Box 30-2 Clinical Features of Untreated 


Nephropathic Cystinosis 
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Box 30-4 Clinical Features of 
Tyrosinemia Type 1 


e Renal Fanconi syndrome 

e Rickets 

e Growth failure 

¢ Hypothyroidism 

e Photophobia 

e Distal myopathy, cardiomyopathy 

e Impairments in spatial processing 

e End-stage renal failure usually by 10 years if not 
treated with cysteamine 


chromosome 17p13, and encodes an integral membrane 
protein, cystinosin.*? Cystinosis can be diagnosed in 
utero by cystine measurements in chorionic villi by 9 
weeks of age.3? Early and adequate treatment with oral 
cysteamine retards progression to end-stage renal failure, 
and administration of 0.55% cysteamine eyedrops from 1 
year of age dissolves the corneal cystine crystals. !? 
Although cystinosis does not recur after renal transplan- 
tation, patients may have many other extra-renal compli- 
cations (Box 30-3).!? 


Hereditary Fructose Intolerance 


Hereditary fructose intolerance (HFI) presents in 
newborns fed sucrose or fructose in formula, antibiotics, 
fruit juices, or honey. The symptoms are poor feeding, 
vomiting, and failure to thrive.? The diagnosis can be 
made by molecular analysis of the aldolase-B gene in 
blood. Inheritance is autosomal recessive. 


Galactosemia 


Classic galactosemia deficiency can manifest in 
neonates with vomiting, diarrhea, hyperbilirubinemia 
with jaundice, hepatomegaly, ascites, and E. coli sepsis 
a few days after starting milk ingestion. Cataracts are 


Box 30-3 Post-Transplant Extra-Renal 


Complications of Cystinosis 


Progressive, distal myopathy, muscle wasting 
Primary hypogonadism in males 

Swallowing difficulty 

Retinal blindness 

Diabetes mellitus 

Pulmonary dysfunction 

Pancreatic exocrine dysfunction 

Brain calcifications 

CNS deterioration 


Failure to thrive Hepatomegaly 
Fever Acute liver failure 
Fanconi syndrome Hepatic carcinoma 


Renal rickets Ascites 

Vomiting Coagulopathy 
Diarrhea Chronic liver failure 
Jaundice 


occasionally detectable by slit-lamp examination in 
neonates. This autosomal recessive disease is caused by 
deficient activity of galactose-1-phosphate uridyl trans- 
ferase (GALT) as a result of mutations at the GALT gene 
on chromosome 17q.*° Two other autosomal recessively 
inherited disorders of galactose metabolism (transferase 
and epimerase deficiency) occur more rarely. Newborn 
screening programs include tests for detection of galac- 
tosemia. The diagnosis is suggested by demonstrating 
increased concentrations of galactose in blood and urine 
and confirmed by showing deficient red blood cell galac- 
tose 1-phosphate uridyltransferase (or galactokinase). 


Tyrosinemia Type 1 


Tyrosinemia type 1 is caused by deficiency in the 
gene for fumarylacetoacetate hydrolase on chromosome 
15q23-q25. Tyrosinemia type 1 is an important cause of 
neonatal jaundice, renal Fanconi syndrome and hepato- 
cellular carcinoma (Box 30-4).>4 It is also one of the 
causes of unexplained hypertension and of bilateral 
nephromegaly. Patients can be treated successfully with 
2-(2-nitro-4-trifluoromethylbenzoyl)-1,3 cyclohexane 
dione (NTBC), together with dietary restriction of 
phenylalanine and tyrosine. This may prevent liver fail- 
ure, but not hepatocellular carcinoma.!° 


Renal Glycosuria 


Renal glycosuria is autosomal recessive with mild 
glycosuria in heterozygotes. There is a low renal thresh- 
old for glucose, with urine losses of glucose despite 
normal blood glucose concentrations. Intermittent or 
constant renal glycosuria can be detected in newborns 
that have the rare and possibly autosomal recessive 
condition of glucose and galactose malabsorption. 


CYSTINURIA 


In cystinuria, there is increased renal excretion of 
cystine, ornithine, arginine, and lysine, and the intestinal 
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absorption of these four compounds is decreased. Renal 
calculi form because of increased excretion of cystine 
that is poorly soluble at normal urine pH. Cystine stones 
are often resistant to lithotripsy. There are three distinct 
phenotypes based on the urinary excretion of cystine in 
obligate heterozygotes: Type I (silent carriers); Type I 
(marked elevation); and Type IN (mild elevation). All 
three types of cystinuria are clinically the same - auto- 
somal recessive, and allelic. Cystinuria type I is caused 
by a mutation in the SLC3A1 amino acid transporter 
gene on chromosome 2p16.3. Cystinuria II is incom- 
pletely recessive, with a mutation on 19q13.1. Cystine 
stones often can be dissolved and new stones often 
prevented by maintaining a high fluid intake. Regular 
treatment with penicillamine is effective, and side 
effects are not severe enough to prevent its use. 
However, an early diagnosis is important, and cystinuria 
should be considered in all persons, of any age, who 
form urinary stones. 


RENAL TUBULAR ACIDOSIS (RTA) 


Primary RTA is characterized by chronic hyper- 
chloremic metabolic acidosis associated with an inability 
to acidify the urine. It may be a primary disorder, or 
secondary to acquired renal injury. Primary RTA is not 
associated with the renal Fanconi syndrome. Primary 
RTA is separated into three main types:24 proximal RTA 
(pRTA) (Type 2); distal RTA or ‘classic’ RTA (Type 1); 
and hyperkalemic RTA (Type 4). 


Primary Proximal Renal Tubular Acidosis 


Proximal renal tubular acidosis (pRTA) is an integral 
feature of the renal Fanconi syndrome, and primary 
pRTA is extremely uncommon. pRTA is the result of an 
inability to reabsorb filtered bicarbonate in the proximal 
tubule with bicarbonate wasting and hyperchloremic 
metabolic acidosis and normal distal tubular acidifica- 
tion. Therefore, when the filtered bicarbonate is 
reclaimed up to the maximal renal tubular reabsorptive 
capacity for a patient with pRTA, the urine pH is appro- 
priate for the severity of the metabolic acidosis, with 
values below 5.3. When pRTA occurs as an isolated 
defect, it is usually transient. 


Distal Renal Tubular Acidosis 


Clinical manifestations of the distal renal tubular 
acidosis (dRTA) are anorexia, failure to thrive, hypotonia, 
a persistently low serum bicarbonate, elevated serum 
chloride, inappropriately high urine pH, and, in some 
cases, nephrocalcinosis. Additional findings are decreased 
urinary excretion of titratable acid, NH4* (ammonium), 
and citrate. Some patients have congenital high-frequency 


nerve deafness. Untreated patients develop rickets.” 
dRTA is often considered in the differential diagnosis of 
a neonate with a non-anion gap acidosis, but there are 
few reports of dTRA in neonates.”*4 The possibility of 
distal RTA can be inferred from calculating the rate of 
excretion of NH,*. This can be determined indirectly by 
calculating the urinary net charge or urine anion gap:!4 
Na* + K* + NH, = CI + 80. The kidney is not the cause 
of the acidosis if the Cl” (chloride) is greater than the 
sum of the Na* (sodium) + Kt (potassium). If the Na* + 
K* is greater than Cl (chloride), then the urinary NH,* 
may be less than 80 mmol per day, in keeping with 
dRTA.® The diagnosis of dRTA is often made erroneously 
in patients with a hyperchloremic metabolic acidosis 
who have an ‘inappropriate’ urine pH over 6, and who 
have diarrhea.!’ Regardless of whether a transient or 
permanent form of distal RTA is suspected, adequate 
amounts of alkali, either as bicarbonate or citrate, in 
doses of 2-3 mEq/kg/day are required to maintain a 
normal serum bicarbonate concentration.!° This can be 
withdrawn after several months to challenge the diagno- 
sis, or the infant can be allowed to outgrow the dose. 
Challenging with an ammonium chloride loading test is 
not necessary because the diagnosis can be inferred 
from indirect tests such as the urine anion gap. 

There are at least two autosomal recessively inherited 
forms of dRTA. In dRTA without nerve deafness, the 
mutated gene is located on chromosome 7q33-34; the 
gene product is the 116-kDa B-subunit of the apical 
pump (ATP6B1). ARTA with nerve deafness”° is caused 
by mutations in ATP6B1, located on chromosome 2p13, 
and encoding the B-subunit of the apical proton pump 
mediating distal nephron acid secretion. 


BARTTER SYNDROME 


Bartter syndrome is a congenital chronic tubular 
disorder characterized by hypokalemic metabolic alkalo- 
sis, polyuria, salt wasting, hyperkaluria, and hyperaldos- 
teronism. There is resistance to the pressor effect of 
angiotensin, juxtaglomerular apparatus hyperplasia and 
increased renal renin production. Some patients have 
hypercalciuria and nephrocalcinosis. There are at least 
three clinical subtypes of the Bartter syndromes with 
marked phenotypic variations within each subtype. Each 
subtype, however, has hypokalemic metabolic alkalosis 
and Antenatzl Hyperczlciuric Varizat CHP/BS) renal salt 
wasting (Box 30-5). 


Antenatal Hypercalciuric Variant (H Ps/aBS) 


The antenatal hypercalciuric variant is a life-threat- 
ening neonatal disorder. There are combinations of 
polyhydramnios, premature delivery, hypokalemia, 


Box 30-5 The Bartter Syndromes 


e Antenatal hypercalciuric variant (hyperprostaglandin 
E syndrome, HPS/aBS) 

e Classic Bartter syndrome (cBS) 

e Gitelman variant of Bartter syndrome (GS) 


hypercalciuria, metabolic alkalosis, fever, vomiting, diar- 
rhea and failure to thrive, hyposthenuria, and nephro- 
calcinosis. Inheritance is autosomal recessive, with 
mutations in the gene for the furosemide-sensitive NaK- 
2CL-cotransporter NKCC2 (SLC12A1) or the inwardly 
rectifying potassium channel, subfamily J, member 1, 
ROMK (KCNJJ) on chromosome 11q24.!® Because clas- 
sic Bartter syndrome can also be caused by a mutation in 
either of these genes, the antenatal and classic forms 
may be different manifestations of severity of the same 
disorder. In addition, there are neonates who have 
homozygous gene mutations linked to chromosome 
1p31, which do not respond to indomethacin treatment, 
and have a more severe variant with marked delays in 
growth and motor development, chronic renal failure, 
and congenital deafness.!? There is no cure for Bartter 
syndrome. Treatment with inhibitors of prostaglandin 
synthesis improves polyuria, corrects biochemical 
abnormalities, and permits satisfactory growth and 
development. Nephrocalcinosis may not improve.?° 


Classic Bartter Syndrome (cBS) 


The clinical phenotype varies from episodes of neonatal 
severe volume depletion with hypotension and hypo- 
kalemia in mildly symptomatic patients diagnosed in adoles- 
cence. Serum magnesium levels are normal (Box 30-6). 


Gitelman Variant of Bartter Syndrome (GS) 


The Gitelman variant usually does not present in 
neonates.’ Hypocalciuria and hypomagnesemia are 


Box 30-6 Mutations in Classic Bartter 


Syndrome 


Na-K-2Cl co-transporter basolateral chloride channel, 
CLCNKB (may also cause congenital Bartter 
(HPS/aBS), or a Gitelman-like phenotype). 
chromosome 1p36 

Na-K-2Cl cotransporter gene, SLC12A1/NKCC2 
chromosome 15q13 

K* inwardly-rectifying channel, subfamily J, member 1, 
ROMK (ROMK1/KCNJ1) 
chromosome 11q24 
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specific clinical features of Gitelman syndrome. The 
Gitelman variant is caused by mutations in the gene for the 
thiazide-sensitive NaCl-cotransporter NCCT (SLC12A3) of 
the distal tubule located on chromosome 16q13. 


RENAL TUBULAR HYPERKALEMIA 


Causes of renal tubular hyperkalemia (RTH) are 
shown in Box 30-7. RTH is defined by an inappropriately 
low urine potassium concentration in the face of hyper- 
kalemia, renal salt wasting, and metabolic acidosis.2” 
The serum creatinine concentration is often increased 
because of volume depletion as in pseudohypoaldo- 
steronism or congenital adrenal hyperplasia, reduced 
nephron mass as in renal adysplasia, and obstruction 
with posterior urethral valves. 


Pseudohy poaldosteronism 


There are two syndromes of aldosterone resistance: 
pseudohypoaldosteronism type I and pseudohypo- 
aldosteronism type II.!5 Furthermore, there are two 
clinically and genetically distinct types of type I pseudo- 
hypoaldosteronism: renal pseudohypoaldosteronism and 
multiple organ pseudohypoaldosteronism.*! Pseudohypo- 
aldosteronism may be inherited as an autosomal domi- 
nant and as an autosomal recessive trait. In the dominant 
form of pseudohypoaldosteronism type I there are muta- 
tions in the gene MLR, encoding the mineralocorticoid 
receptor. In the recessive form of pseudohypoaldostero- 
nism type I there are mutations in the genes SNCCIA, 
SNCC1B, and SCNN1G, which encode subunits of the 
epithelial Na* channel.?® 


Renal Pseudohypoaldosteronism Type I 

Renal pseudohypoaldosteronism type I usually pres- 
ents in early infancy, and is characterized by diminished 
renal tubular responsiveness to aldosterone with 
hyponatremia, hyperkalemia, markedly elevated plasma 
aldosterone, and hyper-reninemia. The clinical expres- 
sion ranges from severely affected patients who die in 


Box 30-7 Causes of Neonatal Renal 


Tubular Hyperkalemia 


¢ Marked prematurity 

e Renal adysplasia 

e Urinary tract obstruction 

e Urinary tract infection 

¢ Pseudohypoaldosteronism 

¢ Congenital adrenal hyperplasia 
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infancy to asymptomatic individuals. Symptomatic 
patients are treated with sodium supplementation, 
which usually is no longer necessary by the age of 2 years. 


Multiple Organ Pseudohypoaldosteronism Type I 

Multiple organ pseudohypoaldosteronism type I is 
characterized by impaired responsiveness to aldosterone 
in salivary and sweat glands, renal tubules, and colonic 
mucosal cells. The course is protracted, with life- 
threatening episodes of salt wasting. 


Pseudohypoaldosteronism Type II 
(Gordon Hyperkalemia-Hypertension 
Syndrome) 


The features are hyperkalemia, despite a normal 
glomerular filtration rate, hypertension, variable mild 
hyperchloremia, metabolic acidosis, and suppressed 
plasma renin activity.2? The metabolic abnormalities are 
corrected by treatment with thiazide diuretics. There are 
no reports of neonatal presentation. 


CONGENITAL NEPHROGENIC DIABETES 
INSIPIDUS (NDI) 


NDI is caused by either congenital or acquired insults 
to the kidneys (Box 30-8). In X-linked NDI, there is 
insensitivity of the distal nephron to the antidiuretic 
effect of vasopressin. This results in an inability to 
concentrate urine, and the consequent excretion of large 
quantities of hypotonic urine.*>> Affected neonates may 
be irritable, feed poorly, fail to gain weight, and have 
unexplained dehydration and fevers. Serum concentra- 
tions of sodium, chloride, creatinine, and blood urea 
nitrogen (BUN) are elevated, and serum levels of vaso- 
pressin are normal or increased. There is a blunted 
response of plasma factor VIII, von Willebrand factor, 
and plasminogen activator after administration of 1- 
desamino-8-b-arginine vasopressin (DDAVP). Treatment 
with hydrochlorothiazide @ mg/kg/day) and amiloride 


Box 30-8 Causes of Nephrogenic 


Diabetes Insipidus 
(NDD 


¢ Electrolyte abnormalities: hypokalemia, hypocalcemia 

¢ Medications: aminoglycosides, amphotericin B, 
lithium 

e Renal defects: tubular interstitial inflammation, 
obstruction, dysplasia 

e Congenital NDI: X-linked, autosomal recessive 


(0.3 mg/kg/day) may be preferable to hydrochloro- 
thiazide and indomethacin because indomethacin can 
cause gastric bleeding.”° Treatment can prevent dehy- 
dration, electrolyte imbalances, cerebral calcification 
and seizures, and result in normal growth, but patients 
continue to have polydipsia and polyuria. 

About 90% of patients with inherited NDI have 
the X-linked form caused by mutations in the arginine 
vasopressin receptor 2 gene (AVPR2) that codes for 
the V2 receptor located in chromosomal region 
Xq28.4?5 Males are much more severely affected than 
females. In fewer than 10% of the families, the inheri- 
tance of NDI is either autosomal recessive or autosomal 
dominant.?? Mutations occur in the aquaporin-2 
gene (AQP2) on chromosome 12q13 that codes for 
the vasopressin-sensitive water channel.! The reliability 
of prenatal diagnosis of the X-linked form of NDI is 
about 96%. 


HYPOMAGNESEMIA 


Hypomagnesemia is most often detected in patients 
on intensive care units. Hypomagnesemia causes neuro- 
muscular irritability, cardiac arrhythmias, and increased 
sensitivity to digoxin. Refractory hypokalemia and 
hypocalcemia can be caused by concomitant hypomag- 
nesemia, and can be corrected with magnesium therapy. 
There are several rare inherited and many acquired 
causes of renal magnesium wasting, as well as gastro- 
intestinal causes (Table 30-2).)? 


Secondary Hypocalcemia 


Hypomagnesemia with secondary hypocalcemia is 
characterized by early onset, the inheritance is autoso- 
mal recessive, and the mutation is linked to chromosome 
9q1 2-22.2.36 Affected individuals have severe hypomag- 
nesemia and hypocalcemia soon after birth. This causes 
seizures and tetany, and requires life-long magnesium 
supplementation. The disorder is caused by a defect in 
the intestinal absorption of magnesium. 


Isolated Renal Magnesium Wasting 


Hypomagnesemia with isolated renal magnesium 
wasting is autosomal recessive, with linkage to chromo- 
some 11q23.? Some of these individuals have tetany and 
convulsions, but others may be asymptomatic. 


Hypercalciuria and Nephrocalcinosis 


Hypomagnesemia with hypercalciuria and nephro- 
calcinosis is autosomal recessive.”! The mutation of the 
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Table 30-2 Causes of Hypomagnesemia 


Causes Inherited 


Acquired 


Renal e Hypomagnesemia with isolated renal magnesium wasting e Post-obstructive diuresis 
e Hypomagnesemia with hypercalciuria and nephrocalcinosis * Post-acute tubular necrosis 


e Variable hypomagnesemia with hypoparathyroidism 
e Gitelman syndrome 
Medications 


Gastrointestinal * Hypomagnesemia with secondary hypocalcemia 


Non-renal 


¢ Renal transplantation 

¢ Interstitial nephropathy 

e Aminoglycosides, cisplatin, diuretics, amphotericin b, 
cyclosporine, pentamidine, foscarnet 

¢ Protein-calorie malnutrition 

e Mg-free intravenous fluids 

¢ Mg-free total parenteral nutrition 

e Chronic watery diarrhea 

e Steatorrhea 

e Short bowel syndrome 

¢ Bowel fistula 

e Continuous nasogastric suctioning 

¢ Diabetes mellitus 

Lymphoma 


claudin 16 gene, which codes for a tight junctional protein 
(Paracellin-1) that regulates paracellular Mg?* transport 
in the loop of Henle, is linked to chromosome 3q27. 


Variable Hypomagnesemia 
with Hypoparathyroidism 


Variable hypomagnesemia with hypoparathyroidism 
can present with transient neonatal seizures.’” The 
inheritance is autosomal dominant. Inactivating muta- 
tions of the extracellular Ca**/Mg?*-sensing receptor 
(Casr) gene are linked to chromosome 3q13.3-21. 


MAJOR POINTS 


¢ A low serum bicarbonate concentration in an infant 
or child is often the result of technical errors. These 
include: 

e using a tight tourniquet; 

e obtaining blood by squeezing a finger stick; and 

e not assaying the sample expeditiously. 

An infant or child who has failure to thrive, 

the combination of a low serum bicarbonate 
concentration, high serum chloride concentration, 
and an inappropriate urine pH, is more likely to 
have diarrhea than dRTA. 

Fructose-containing foods must be withdrawn from 
the diet as soon as HFI is suspected. 

In galactosemia, milk and milk-containing products 
must be withdrawn from the diet. 

Similar features to Bartter syndrome occur with loop 
diuretic treatment and congenital chloride diarrhea. 


Gitelman Syndrome 


Gitelman syndrome is a recessive form of hypomag- 


nesemia caused by mutations in the distal tubular NaCl 
cotransporter gene, SLC12A3, at chromosome 16q13. 
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INTRODUCTION 


Acute renal failure (ARF) is defined as the sudden 
suppression of normal kidney function so that the renal 
regulation of internal homeostasis is compromised.” 
ARF has a rapid onset, and is potentially reversible. This 
contrasts with chronic renal failure, which has a gradual 
onset, progresses over time, and is irreversible. 


EPIDEMIOLOGY AND ETIOLOGY 


The incidence of ARF in children is unknown. ARF 
constituted 7% of all referrals to a pediatric nephrology 
service over a 20-year period.”! In the general pediatric 
population, ARF is uncommon. The incidence of ARF in 
neonates! and children in intensive care units is higher 
than in regular units (Box 31-1). 


Acute Renal Failure 
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ARF is categorized by the degree of impairment of 
urine output, and by the underlying cause or mecha- 
nism. Categorization by the amount of urine output 
(Table 31-1) is important because this may impact on the 
clinical course: patients with non-oliguric ARF have 
lower complication rates and better survival than those 
with oliguric ARF. ARF can also be classified as pre-renal 
ARF, post-renal ARF, and intrinsic ARF. In pre-renal ARF, 
renal function is initially normal, but compromised renal 
perfusion leads to renal failure. Pre-renal ARF is 
reversible in its early stages, but can progress to intrinsic 
ARF because of compromise of renal perfusion and 
therefore must be treated promptly (Table 31-2). In post- 
renal ARF, the kidney function is initially normal but 
obstruction to urine flow causes ARF. This type of ARF is 
important to identify quickly because it typically 
reverses with relief of obstruction. However, post-renal 
ARF can also progress to intrinsic ARF if not corrected 
promptly (Table 31-3). 

Intrinsic ARF occurs when the kidneys themselves 
are primarily affected by a process that causes loss of 
renal function. These processes include glomerular, 
tubular, interstitial and vascular disorders (Table 31-4). 
Acute tubular necrosis (ATN) is the final common path- 
way for ischemic, anoxic, toxic, or obstructive injury to 
the renal tubules. ATN is characterized by a rapid 
decline in glomerular filtration rate (GFR) and signs of 
tubular cell injury, including oliguria, anuria, polyuria, 
and electrolyte disorders. Important nephrotoxins are 
listed in Table 31-5. 


PATHOGENESIS OF ARF 


ARF results from insults to the kidney that primarily 
affect either renal blood flow or tubular function. 
Decreased renal blood flow results from renal 
vasoconstriction; the resultant renal ischemia leads to 


241 


242 PEDIATRIC NEPHROLOGY AND UROLOGY: THE REQUISITES IN PEDIATRICS 


Box 31-1 Patients at Increased Risk 


of Acute Renal Failure (ARF) 


e Post-surgical patients 

e Patients with sepsis 

e Patients with underlying chronic renal disease 
e Patients with cardiac disease 

e Newborns requiring intensive care 


decreased GFR. Possible mechanisms responsible for the 
vasoconstriction include adrenergic stimulation, failure 
of renal prostaglandin production, and increased 
angiotensin II formation. Tubular cell death is the other 
major mechanism responsible for producing ARF. 
Although the term ‘acute tubular necrosis’ is used clinically 
to describe the results of tubular cell injury, apoptosis 
(programmed cell death) is the major mechanism respon- 
sible for tubular cell death. The first wave of apoptosis 
occurs within a day of the acute insult; this leads to a loss 
of epithelial cells and exacerbation of renal dysfunction. 
The second wave of apoptosis occurs after 5-7 days, when 
regeneration and recovery have begun. This limits exces- 
sive proliferation and facilitates remodeling of the tubules. 
ARF appears to be initiated by vascular mechanisms, and 
seems to be maintained by tubular cell apoptosis once ARF 
is established. !4 

Reduction in GFR is a consequence of tubular 
obstruction by intraluminal debris (dead tubular cells or 
casts) and back-leak of glomerular filtrate into the 
peritubular capillaries. Proximal tubular dilatation, intra- 
luminal casts, debris and tubular back-leak of glomerular 
filtrate have been demonstrated in clinical and experi- 
mental settings. These processes are interrelated in the 
complex pathogenesis of ARF (Figure 31-1). 


CLINICAL ASPECTS OF ARF 
The clinical course of ARF is divided into three phases 


(Box 31-2). In the initiation phase, ischemia, inflammation 
and/or toxic substances damage renal cells and the 


Table 31-1 Categorization of ARF by Amount 


of Urine Output 


Category Child Adult 

Anuric <0.2 ml/kg/h <100 ml/day 
Oliguric <1.0 ml/kg/h <400 ml/day 
Non-oliguric >1.0 ml/kg/h >400 ml/day 
High-output >2.0 ml/kg/h >400 ml/m?/day 


Table 31-2 Pre-Renal Causes of ARF in Children 


Category Cause 


Volume depletion e Severe diarrhea 

e Protracted vomiting 

e Osmotic diuresis 

e Diuretics 

° Extensive burns 

e Hemorrhage 
Decreased effective blood volume e Septic shock 

e Anaphylaxis 

e Nephrotic syndrome 
Cardiac failure e Anatomic malformation 

e Arrhythmia 

e Cardiomyopathy 

¢ Tamponade 

e Post-cardiac surgery 


patient begins to display symptoms of ARF, such as a 
decrease in urine output. This phase is important to 
identify because intervention may prevent progression 
to established, intrinsic ARF. 

Renal injury continues during the maintenance phase, 
producing additional damage. Oliguria and azotemia are 
invariably present, and ARF is considered established 
once this phase is entered. Renal function slowly returns 
to normal in the recovery phase of ARF. The onset of the 
recovery phase is often heralded by the development of 
a brisk diuresis. 


Complications of ARF 


Metabolic complications of ARF include hyper- 
kalemia, metabolic acidosis, hyperphosphatemia, hypocal- 
cemia, and uremia. With the exception of hyperkalemia, 


Table 31-3 Post-Renal Causes of Acute Renal 


Failure in Children 


Site Cause 
Kidney e Ureteropelvic junction obstruction 
° Trauma 


e Nephrolithiasis (bilateral) 
e Neoplasm 
Ureters e Intra-abdominal neoplasms 
¢ Bilateral primary megaureter 
° Trauma 
e Retroperitoneal fibrosis 
Bladder/urethra ¢ Posterior urethral valves 
Nephrolithiasis 
Foreign body 
Neoplasm 


Table 31-4 Intrinsic Causes of ARF in Children 


Indication Symptom 


Glomerular Post-infectious glomerulonephritis 

Lupus nephritis 

Henoch-Schonlein purpura 

IgA nephropathy 

Crescentic glomerulonephritis 

SBE-associated nephritis 

Vascular/hemodynamic Hemolytic-uremic syndrome 

Renal venous thrombosis 

Vasculitis 

Malignant hypertension 

Non-steroidal anti-inflammatory drugs 
(NSAIDs) 

ACE inhibitors 

Uncorrected pre-renal or post-renal ARF 

Asphyxia/hypoxemia 

Obstruction by crystals - uric acid 

Medications 

Toxins 

Tumor-lysis syndrome 

Allergic interstitial nephritis 

Malignant infiltration 

Pyelonephritis 

Sarcoidosis 


Tubular (ATN) 


Interstitial nephritis 


SBE = subacute bacterial endocarditis; ATN = acute tubular necrosis. 


most of these complications are not life-threatening. 
Systemic complications include fluid overload, hyper- 
tension, anemia, altered mental status, increased suscep- 
tibility to infection, bleeding, and gastrointestinal 
problems. Impaired immune function and indwelling 
lines and catheters have important roles in causing infec- 
tion; this is the most common extra-renal complication, 
and is responsible for most deaths in ARF. Anemia can be 
caused by suppression of erythropoiesis, hemolysis, 
blood loss from hemorrhage or phlebotomy, and hemo- 
dilution. There is usually a leukocytosis, even in the 
absence of infection. A bleeding diathesis can develop 
from uremic platelet dysfunction, Factor VIII dysfunc- 
tion, and thrombocytopenia. 


Table 31-5 ARF Caused by Toxins or Medications 


Toxins Heavy metals 


Organic solvents 

Crystals 

Pigments 

Interstitial nephritis 

Direct tubular damage 

Tubular obstruction by crystals 
Unknown mechanism 


Antibiotics 


Other agents 
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Acute renal injury 


Altered intracellular 
metabolism 


Decreased RBF 


Decreased 
filtration 


Tubular 
effects 


Vascular 
effects 


Obstruction 


Backleak 


Decreased driving 
force for filtration 


Decreased GFR 


Figure 31-1 
blood flow. 


Pathophysiology of acute renal failure. RBF = renal 


Gastrointestinal manifestations range from uremic 
symptoms such as anorexia, nausea, and vomiting, to 
severe erosive gastrointestinal ulcers that may be 
secondary to stress. These ulcers may lead to significant 
gastrointestinal bleeding, and occur so frequently that 
the routine use of Hz-receptor blockers or other preven- 
tative measures are warranted. 


Short- and Long-Term Outcome of ARF 


The short-term mortality from ARF remains close to 
50% of those patients who require dialysis, even in the 
most technologically advanced pediatric centers.>° 
Patients typically die from the underlying cause of the 
ARF, or from failure of an organ other than the kidneys 
(Box 31-3).8 

Few data are available on the long-term outcome of 
ARF in children. The study by Georgaki-Angelaki et al. is 
compromised by low patient numbers and the inclusion 
of children with many different causes of ARF.!? 


Lead, gold, platinum, mercury 

Chelating agents EDTA 

Carbon tetrachloride, ethylene glycol 

Oxalic acid, uric acid 

Hemoglobin, myoglobin 

Methicillin, ampicillin, amoxicillin, cephalosporins, fluoroquinolones 

Aminoglycosides, amphotericin B 

Acyclovir, cephalexin 

Vancomycin 

Radiocontrast agents, ACE inhibitors, chemotherapeutic agents, NSAIDs, 
cyclosporine, tacrolimus 
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Box 31-2 Phases of ARF 


e Initiation phase 
e Maintenance phase 
e Recovery phase 


DIAGNOSTIC APPROACH TO ARF 


The clinical approach to ARF begins with a careful 
history and physical examination. The patient’s recent 
medical history should be reviewed, with particular 
attention to the use of medications, the presence of 
infection, and trauma. The past medical history should 
be reviewed to determine whether there are underlying 
or predisposing conditions. A careful assessment of the 
fluid intake and urine output must be made to assist in 
management. Appropriate orders should be given for the 
strict monitoring of fluid intake and output. 

The physical exam should begin with review of the 
patient’s vital signs, particularly weight, blood pressure, 
and heart rate. Body weight should be obtained at least 
daily, and even twice daily in infants or in patients with 
polyuric acute renal failure. The general apperance of 
the patient should be assessed for pallor or edema. 
Careful pulmonary and cardiac examinations should be 
performed to determine the degree of fluid overload 
Gf present), and how well the patient is being perfused. 
The abdominal examination may help in diagnosis as 
well, particularly if a mass or hepatosplenomegaly is 
present. 

Laboratory studies should include serum concentra- 
tions of electrolytes, blood urea nitrogen (BUN), creati- 
nine, calcium, phosphorus, albumin, and uric acid. 
Hemoglobin, hematocrit, and platelet counts are deter- 
mined. Liver enzyme tests are indicated if there is a 
history of anoxia or hepatic disease. Serologic studies 
should be obtained if indicated by signs of acute 
glomerulonephritis. Urine studies are always indicated. 
These should include urinalysis, sodium, creatinine, 


Box 31-3 Predictors of Poor Prognosis 


in Children with ARF 


¢ Presence and duration of anuria ¢ Coma 


e Persistent hypotension and/or e Severe trauma 
hypovolemia e Need for 
e Multi-organ system failure mechanical 
ventilation 


Table 31-6 Differential Diagnosis of ARF According 


to Urinary Indices 


Pre-Renal ARF Intrinsic ARF 

Urine sodium (mmol/D <10 >10 
Specific gravity >1.018 <1.010 
Urine:serum creatinine ratio >40 <40 
FENa* 

Children (%) <1 >2 

Neonates (%) <3 >3 
Urine osmolality (mOsm/kg) >500 <350 
Sediment Usually normal Active with 


many casts 


FENa* = fractional excretion of sodium; Nat = sodium. 


and osmolality. The fractional excretion of sodium 
(FENa*) can then be calculated: 


Urine/Serum Sodium x 100 
Urine/Serum Creatinine 


FENa* = 


The results of the FENa* and other laboratory studies 
can be used to help differentiate between pre-renal and 
intrinsic types of ARF (Table 31-6). 

The two most helpful imaging studies are chest radio- 
graphy and renal ultrasound, which should be obtained 
in all patients with ARF. Chest radiography helps to assess 
whether there is significant fluid overload. Renal ultra- 
sound is most useful diagnostically, especially if urinary 
obstruction or renal venous thrombosis are being 
considered as possible causes of the ARF. A full abdomi- 
nal ultrasound or computed tomography of the chest or 
abdomen should be obtained as indicated by the history 
and physical examination. 


INTERVENTION TO PREVENT OR 
AMELIORATE THE PROGRESSION 
OF EARLY ARF 


It is occasionally possible to intervene early in the 
course of ARF to prevent progression to established 
renal failure, and thereby avoid renal replacement ther- 
apy. In other patients at high risk of developing ARF, it 
may be possible to avert the development of ARF if the 
predisposing factors are correctly identified and acted 
upon. These potential interventions can be divided into 
those proven to be effective, those proven ineffective, 
and those that remain experimental. 


Effective or Possibly Effective 
Interventions 


Early pre-renal ARF is the most obvious clinical situa- 
tion in which ARF may be prevented. The goal is to 


restore renal perfusion in order to prevent progression 
to intrinsic ARF. The first step is fluid resuscitation with 
one or more boluses, preferably of normal saline. In 
addition, maintenance fluid requirements and replace- 
ment of on-going losses should be provided during fluid 
resuscitation. However, if ARF is established, fluid must 
be restricted to prevent fluid overload. 

The administration of furosemide may help to main- 
tain urine output in the early stages of ARF. Effects of 
furosemide or other diuretics may include increased 
intratubular pressure, thereby preventing tubular 
obstruction; increased intraluminal osmolality, thereby 
decreasing back-leak of glomerular filtrate; and increased 
renal blood flow, thereby reducing ischemic injury.*7° 

In some patients, diuretics convert ARF from oliguric 
to non-oliguric, which reduces the complications of 
ARF. Diuretics should only be given during the initial 
phase of ARF; using them during the maintenance phase 
will have no benefit, and may be harmful (furosemide is 
ototoxic). Patients with ARF do not respond normally to 
diuretics, and require higher doses to produce a 
response. If furosemide is used for example, a loading 
dose of 2-4 mg/kg should be given, followed immedi- 
ately by a continuous infusion of 0.25-1.0 mg/kg/hour.° 
This should be discontinued if there is no improvement 
in urine output within 1-2 hours. 

Inotropic agents such as dobutamine may be given to 
improve cardiac output, or norepinephrine may be 
given to induce peripheral vasoconstriction, thereby 
increasing the effective blood volume of the central 
circulation. These agents may help to avert ARF by 
improving renal perfusion. 

ARF may also be prevented by relieving acute urinary 
obstruction. The site of obstruction should be estab- 
lished by ultrasound, and an appropriate drainage 
catheter should be placed. A pediatric urologist and/or 
interventional radiologist must be consulted promptly. 
Post-obstructive diuresis should be successfully managed 
with milliliter-for-milliliter urine replacement and 
frequent electrolyte monitoring. 

In patients with chronic renal insufficiency it is impor- 
tant either to avoid, or to monitor levels of, potential 
nephrotoxins when such agents are clinically indicated. 
The administration of normal saline prior to amphotericin 
B reduces its nephrotoxicity, and should be carried out in 
all patients. Acetylcysteine administration prior to radio- 
contrast agents may prevent contrast nephropathy.!*!9 


Ineffective Interventions 


Dopamine may occasionally be useful when clearly 
there is diminished renal perfusion, such as in an infant or 
small child who receives a kidney from an adult donor. 
The doses should not be greater than 5uUg/kg/minute, 
because higher doses cause renal vasoconstriction. 
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However, randomized studies have failed to demonstrate 
a benefit of dopamine in other forms of ARF.4 

Atrial natriuretic peptide (ANP) is another agent that 
was thought to have a potential role in the management 
of ARF. However, in a multicenter, randomized, double- 
blind trial of ANP in critically ill patients with ATN, 
ANP failed to improve the overall rate of dialysis-free 
survival, although patients who already had oliguria at the 
time of randomization did appear to derive some benefit 
from ANP.” This positive finding was offset by a worsen- 
ing of outcome in non-oliguric patients, who apparently 
experienced a hypotensive response to ANP that may 
have exacerbated their renal dysfunction. 


Experimental Interventions 


Fenoldopam, a dopamine receptor agonist, appears to 
be a promising potential therapy for ARF, but its effects 
require further study. 


MANAGEMENT OF ESTABLISHED ARF 


Conservative Measures 


Management of ARF begins with the conservative 
measures outlined in Table 31-7. First and foremost 
among these is fluid restriction, which in oliguric patients 
is vitally important to prevent the fluid overload that can 
lead to pulmonary edema or hypertension. Fluid restric- 
tion is less critical in non-oliguric patients. To maintain an 
even fluid balance, the amount of fluid administered to 
the patient should be equal to their fluid losses. Insensible 
water losses should be calculated and given as 5% or 10% 
dextrose in water at a constant rate. Urine output should 
be replaced with equivalent volumes of 0.5 normal saline 
Gf urine electrolyte results are available, a custom urine 
replacement solution can be given with the same sodium 
concentration as the patient’s urine). 

If there are other sources of fluid loss such as bleeding 
or oozing from surgical wounds, those losses should also 
be replaced with packed red blood cells or 5% albumin 
respectively, to prevent hypovolemia. Insensible water 
losses are reduced if the patient is being mechanically 
ventilated because of administration of humidified air. 

If the patient is hypervolemic, net fluid loss can be 
accomplished by replacing a fraction of the insensible 
water losses, and/or a fraction of the urine output. 


Metabolic Acidosis 

Treatment of metabolic acidosis is important to 
restore a normal pH for normal metabolism and to help 
prevent hyperkalemia by shifting excess potassium intra- 
cellularly. Sodium citrate solution or sodium bicarbonate 
tablets are given to correct the serum bicarbonate 
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Table 31-7 Conservative Management of Acute Renal Failure 


Problem 


Approach 


Comments 


Fluid overload 


Uremia 
Metabolic acidosis 


Hyperkalemia 


Hyperphosphatemia 


Nutritional support 


Fluid restriction: 
D5W at insensible rate G5 ml/100 kcal) 
Half-normal saline to replace urine 
output ml-for-ml 
Dietary protein restriction to RDA for age 


Alkali supplementation: intravenous 
bicarbonate or oral sodium citrate 
Acute emergencies: 
Calcium gluconate 0.5-1.0 ml/kg/dose 
Continuous albuterol by inhalation 
Less urgent situations: 
Insulin + glucose infusion 
NaHCO;/alkali administration 
Sodium polystryrene resin, 1 g/kg/dose 
Phosphate binders 
Dietary protein/phosphorous restriction 
Modest dietary protein restriction 
Provision of adequate (100-120% of 


Monitor other sources of fluid loss and 
replace as appropriate 


Provide adequate non-protein calories to 
promote anabolism 

Watch for development of hypernatremia 
if giving bicarbonate repeatedly 


Stabilizes cardiac cell membranes 
Shifts potassium into cells 


Requires careful glucose monitoring 
Redistribution of potassium 

May be given orally or rectally 
Avoid aluminum-containing agents 


Use high-calorie, low protein enteral formulas 
Benefits of TPN unclear 


RDA) non-protein calories 


D5W = 5% dextrose in water; RDA = recommended daily allowance; TPN = total parenteral nutrition. 


concentration, but if oral medications cannot be taken, 
then intravenous sodium bicarbonate should be admin- 
istered. Dialysis may be needed if the administration of 
alkali fails to correct the acidosis. 


Hyperkalemia 

Hyperkalemia is the most serious metabolic complica- 
tion of ARF. Treatment options can be divided into those 
that redistribute potassium within the body, and those 
that remove it from the body. Calcium administration is 
crucial for stabilizing the cardiac action potential but 
does not treat the hyperkalemia. 

Redistributive measures are albuterol, bicarbonate, 
and insulin plus glucose infusions. Albuterol, by stimu- 
lating beta-2 receptors on cell membranes, causes potas- 
sium to be transported from the serum back into 
the cells. Inhaled albuterol acts within 10-30 minutes, 
its effects last for 2-4 hours, and it can be quickly admin- 
istered in an intensive care unit. Indeed, this should be 
the first measure instituted when hyperkalemia is 
detected. 

Sodium bicarbonate is an effective treatment for 
hyperkalemia, takes effect within 30 minutes, and lasts 
for 1-2 hours. A drawback to bicarbonate is that its use 
may result in fluid overload or hypernatremia. 

The administration of insulin plus glucose infusions 
also requires large quantities of fluid. Insulin shifts potas- 
sium intracellularly by stimulating beta-receptors on cell 
membranes. Glucose must be administered with insulin 
to prevent hypoglycemia. Insulin lowers the serum 


potassium within 30 minutes, and the effect lasts for up 
to 2-4 hours. The serum potassium may rise rapidly 
shortly after the infusion is stopped. 

Potassium can also be removed via the gastrointesti- 
nal tract, the kidneys, or by dialysis. Sodium polystyrene 
resin (Kayexalate®) removes potassium by exchanging 
it with sodium; a dose of 1 g/kg usually lowers the serum 
potassium by 1.0 mEq/l within about 2 hours. Serum 
potassium is reduced more rapidly when Kayexalate® is 
given orally than rectally, although both routes are effec- 
tive. Doses can be repeated at 4- to 6-hour intervals, but 
hypernatremia is a potential adverse effect that is more 
likely to occur with repeated doses. If the patient is not 
anuric, loop diuretics may be given to encourage the 
excretion of potassium. 

Dialysis is the definitive method of potassium 
removal, but usually is not the first choice in an urgent 
situation because of the time required to achieve access 
and to set up the necessary equipment. 


Hypocalcemia 

Possible causes of hypocalcemia in ARF include 
hyperphosphatemia, vitamin D deficiency, parathyroid 
hormone (PTH) resistance, and hypoalbuminemia. 
Serum ionized calcium is a better reflection of physio- 
logically active calcium than total serum calcium. 
Hypocalcemia usually is mild, and responds to the 
correction of hyperphosphatemia and administration of 
calcium in the diet. Severe hypocalcemia can cause 


tetany, and should be treated with intravenous calcium 
gluconate or calcium chloride. 


Hyponatremia 

Hyponatremia is usually iatrogenic and is managed by 
fluid restriction because it is caused by the excessive 
administration of free water. Occasionally, correction of 
the serum sodium is necessary with a carefully calcu- 
lated infusion of 3% sodium chloride. This should only 
be done if there are symptoms of hyponatremia such as 
altered mental status or seizures. 


Hyperphosphatemia 

Hyperphosphatemia is caused by decreased renal phos- 
phate excretion. Dietary phosphate intake should be 
restricted, and oral phosphate binders should be given to 
increase intestinal phosphate excretion. Aluminum- 
containing binders should be avoided because absorbed 
aluminum can lead to significant adverse effects in bone 
and the brain. Calcium carbonate is the easiest phosphate 
binder to administer to children because it is available 
commercially in both liquid and chewable tablet forms. 
Sevelamer is less potent than other phosphate binders, and 
is only available as a tablet that cannot be chewed or 
crushed. 


Uremia 

Uremia is the most difficult metabolic complication of 
ARF to control with conservative measures. The useful- 
ness of dietary restriction for increased BUN is limited by 
the need to provide adequate protein to meet the child’s 
anabolic needs. Protein intake should not be limited to 
less than 1.0 g/kg/day in children, although the limit of 
0.8 g/kg/day used in adults can be considered for older 
teenagers. However, it is typical for patients with ongo- 
ing ARF to become progressively more uremic despite 
these measures. The magnitude in rise in BUN is one of 
the indications for initiating dialysis. 

A relatively high caloric intake of 80-100 cal/kg/day 
must be provided to promote anabolism. Although no 
clinical study has demonstrated a beneficial impact of 
total parenteral nutrition (TPN) on survival in patients 
with ARF, TPN with a high concentration of dextrose is 
the most effective way to adequately nourish the criti- 
cally ill child with ARF. Enteral feedings should be used 
if the child can tolerate this, and a nasogastric feeding 
tube may be needed. High-calorie formulas designed for 
patients with renal insufficiency such as Suplena® or 
Renalcal® can provide adequate calories in the lowest 
possible volume of fluid. 


Management of Hypertension 


Most instances of hypertension in ARF are caused by 
fluid overload. The prevention of fluid overload will 


Acute Renal Failure 247 


prevent hypertension in some patients, but if hyperten- 
sion develops despite fluid restriction, then antihyper- 
tensive medications will be needed (Table 31-8). 
Diuretics may help in non-oliguric patients and in those 
with acute glomerulonephritis. Vasodilators, preferably 
by intravenous administration, are the best choice in 
most patients. If the hypertension is severe, or if there 
are signs of malignant hypertension, a continuous infu- 
sion of an intravenous antihypertensive agent should be 
started. Nicardipine is usually the best choice because it 
is an arterial vasodilator and can be precisely titrated to 
the desired effect. Labetalol is also effective, but may be 
contraindicated if the patient has asthma or congestive 
heart failure. Sodium nitroprusside should be considered 
a last resort in ARF because cyanide accumulation devel- 
ops more rapidly with reduced renal function. It causes 
venous as well as arterial vasodilatation that may result in 
decreased preload, thereby compromising renal perfu- 
sion. A potential drawback of continuous infusions in 
patients with ARF is that they may contribute to the 
development of fluid overload if they are diluted in a 
large volume of carrier fluid. This can be avoided by 
administering an undiluted antihypertensive agent with 
a syringe pump (which is commonly done with 
labetalol), or by using a higher concentration of the 
medication than usually recommended. 

If a continuous antihypertensive therapy is not clini- 
cally indicated, then intermittently administered agents 
may be used. Acceptable intravenous agents include 
hydralazine and labetalol. Diazoxide is no longer recom- 
mended as a first-line agent because of unpredictable 
effects in terms of the magnitude and duration of blood 
pressure reduction. Oral agents may be used if the 
patient is not critically ill; these include clonidine, 
isradipine, hydralazine, and minoxidil. Angiotensin- 
converting enzyme inhibitors should be avoided in ARF 
because they reduce the glomerular filtration pressure 
and increase the chances of hyperkalemia. Doses for all 
of these medications are shown in Table 31-8. 


Renal Replacement Therapy 


When conservative measures fail to control the mani- 
festations of ARF, renal replacement therapy becomes 
necessary.” 11-15-17-20 Indications for renal replacement 
therapy are summarized in Box 31-4. 

Anecdotal experience suggests that children may 
tolerate higher levels of BUN than adults before devel- 
oping uremic symptoms. However, there is also 
evidence to suggest that early initiation of dialysis, 
before severe symptoms develop, may improve patient 
outcome. In many patients it is impossible to provide 
adequate nutritional support while they are oliguric 
because of the need for fluid restriction; although provi- 
sion of nutrition alone is a controversial indication 
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Table 31-8 Drugs for the Management of Hypertension in Acute Renal Failure 


Drug Class Dose Route Comments 
Clonidine Central alpha agonist 0.05-0.1 mg/dose Oral Side effects include dry mouth 
and sedation 
Esmolol Beta blocker Infusion: 100-500 mcg/kg/min IV infusion Very short-acting 
Fenoldopam Dopamine receptor 0.2-0.8 mcg/kg/min IV infusion May also improve renal blood 
agonist flow 
Hydralazine Vasodilator (arteriolar) IV: 0.2-0.6 mg/kg/dose IV bolus or PO Should be given every 4 hours 
PO: 0.25-1.0 mg/kg/dose when given IV 
Isradipine Calcium channel blocker 0.05-0.15 mg/kg/dose Oral Oral suspension can be 
compounded 
Labetalol Alpha and beta blocker IV: 0.20-1.0 mg/kg/dose IV bolus or infusion Asthma, heart failure 
Infusion: 0.25-3.0 mg/kg/hr relative contraindications 
Monoxidil Vasodilator (arteriolar) 0.1-0.2 mg/kg/dose Oral Most potent vasodilator; may 
not take effect for 1-2 hours 
Nicardipine Calcium channel blocker Infusion: 1-4 mcg/kg/min IV infusion May cause reflex tachycardia 
Sodium Vasodilator (arteriolar Infusion: 0.3-10 mcg/kg/min IV infusion Thiocyanate toxicity with 
nitroprusside and venous) prolonged use 


Abbreviations used in table: IV, intravenous; PO, oral; mcg, micrograms: mg, milligrams. 


Box 31-4 Indications for Dialysis in ARF 


Fluid overload with pulmonary edema and/or 
respiratory failure or compromise 
Encephalopathy, pericarditis, or bleeding 
Metabolic disturbances: hyperkalemia, acidosis, 
hyperphosphatemia 

Intoxications: lithium, methyl alcohol, salicylate, 
others 

Inborn errors of metabolism: urea cycle defects 
Nutritional support (controversial) 


for dialysis, there are patients in whom this may be 
justifiable. 

One of the most important factors to consider is the 
patient’s hemodynamic status (Table 31-9). Patients who 
are hypotensive or hemodynamically unstable cannot 
tolerate rapid correction of fluid overload, and therefore 
traditional intermittent hemodialysis CHD) is not indicated. 

Peritoneal dialysis (PD) is the most common renal 
replacement modality used in infants and children with 
ARF!° (see Chapter 36). HD offers several potential 
advantages over PD in ARF, most notably the ability to 
rapidly correct fluid overload, hyperkalemia, and meta- 
bolic acidosis!! (see Chapter 35). Access-related prob- 
lems are the most vexing aspect of pediatric HD in 
ARF and chronic renal failure. Continuous hemofiltration 
(HF) is rapidly becoming a commonly employed modal- 
ity for the management of ARF in pediatrics”!!19.) 
(see Chapter 35). A theoretical advantage of HF is 


Table 31-9 Dialysis Modality in Pediatric Acute Renal Failure 


Modality 


Primary Goal of Dialysis Hemodynamic Status 

Fluid removal Normotensive 
Hypotensive 

Urea clearance Normotensive 
Hypotensive 


Treatment of hyperkalemia 
Correction of metabolic acidosis* Normotensive 


Hypotensive 


Normo- or hypotensive 


Intermittent HD (with isolated UF) 
Continuous HF or PD 

Intermittent HD or PD 
Continuous HF or PD 

Intermittent HD 

Any 

Continuous HF or PD 


Treatment of hyperphosphatemia 


Normo- or hypotensive 


Any; continuous HF possibly superior 


HD = hemodialysis; HF = hemofiltration; PD = peritoneal dialysis; UF = ultrafiltration. 
*Bicarbonate dialysate preferred in patients with hepatic failure and/or lactic acidosis. 


MAJOR POINTS 


¢ The most common form of ARF in children is pre-renal 
ARF, usually resulting from dehydration, sepsis or 
blood loss. 

Other important forms of ARF that occur commonly 
in children include hemolytic-uremic syndrome, 
acute glomerulonephritis, and obstruction of the 

GU tract. 

Major complications of ARF include fluid overload, 
hyperkalemia, metabolic acidosis, hyperphos- 
phatemia, uremia, anemia and infection. 

The short-term outcome of ARF in children is similar 
to that in adults and depends on the underlying cause 
of ARF and whether dialysis is necessary. 
Intervention early in the course of ARF may prevent 
the development of oliguria and may reduce the 
morbidity and mortality of ARF. 

Accurate monitoring of fluid balance is of primary 
importance in managing ARF and should include 
frequent weights, precise accounting of all sources 
of fluid intake, including IV medications, and all 
types of fluid loss, especially non-urinary fluid 
losses. 

For patients with pre-renal ARF, fluid resuscitation 
should be attempted first, as this may prevent the 
development of acute tubular necrosis (ATN). 
Diuretics may be helpful in converting oliguric ARF 
to non-oliguric ARF, but if there is no response to 
initial attempts at diuretic therapy, they should not 
be continued. 

Multiple studies have failed to demonstrate a benefit 
for routine administration of ‘renal-dose’ dopamine in 
ARF; however, the dopamine receptor agonist 
fenoldopam shows promise as a potential means of 
increasing renal blood flow in ARF. 

The decision to initiate dialysis depends on the over- 
all clinical status of the patient, not on an absolute 
level of BUN or creatinine. 

Usual indications for initiation of dialysis in children 
with ARF include fluid overload, metabolic complica- 
tions unresponsive to conservative measures, and 
symptomatic uremia 

Peritoneal dialysis, hemodialysis and continuous 
veno-venous hemofiltration can all be used to manage 
children with ARF when dialysis becomes necessary; 
the choice of which modality to use depends on 
clinical and technical factors. 


the continuous removal of cytokines and other inflam- 
matory mediators involved in the pathogenesis and 
maintenance of ARF. 
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INTRODUCTION 


Chronic renal failure (CRP) refers to the progressive 
and usually inexorable loss of renal function as a result 
of injury to the kidneys. All patients with CRF have 
chronic renal disease (CRD), but not all of those with 
CRD are in CRF (Boxes 32-1 and 32-2). 


Box 32-1 Definitions of Chronic 


Kidney Disease 


* GFR <60 ml/min/1.73 m? for >3 months; or 
e pathological abnormalities; or 

e abnormal findings in urine or blood; or 

e abnormal imaging studies 
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Box 32-2 Definition of Kidney 


Failure 


GFR <15 ml/min/1.73 m? with signs and symptoms of 
uremia or the need for dialysis/transplant for treatment 
of complications of decreased GFR that increase risks 
of mortality and morbidity. 


End-stage renal disease (ESRD) is difficult to define; 
the condition generally refers to a level of reduction in 
renal function that requires the initiation of dialysis or 
transplantation (Box 32-3). 


DEFINITION OF CHRONIC RENAL FAILURE 


Early diagnosis of CRD is important because it may be 
possible to retard the course of progression of kidney 


Box 32-3 End-Stage Renal 


Disease (ESRD) 


¢ ESRD is an administrative term in the United States, 
and is based on the conditions stipulated for 
payment of healthcare by the Medicare ESRD 
Program 

¢ ESRD does not specifically refer to a level of GFR, but 
to the time at which the occurrence of signs and 
symptoms of kidney failure necessitate initiation of 
replacement therapy 

¢ ESRD includes patients treated by dialysis or 
transplant, regardless of their GFR level 


250 


Table 32-1 Stages of Chronic Renal Disease 


GFR 
Stage Description (mI/min/1.73 m7) 

1 Kidney damage with normal or 290 

increased GFR 
2 Kidney damage with mildly 60-89 

decreased GFR 
3 Moderate decrease in GFR 30-59 
4 Severe decrease in GFR 15-29 
5) Kidney failure <15 (or on 

dialysis) 


GFR = glomerular filtration rate. 


disease, to treat co-morbid problems earlier, and to 
improve the outcomes and quality of life of all patients 
with kidney disease, long before dialysis or renal trans- 
plant is necessary (The Kidney Disease Outcomes 
Quality Initiative, or K/DOQD.!° The presence of CRD 
must be established on the basis of kidney damage and 
level of kidney function as reflected by the glomerular 
filtration rate (GFR), regardless of any etiological or 
pathological diagnosis (Table 32-1). However, this 
should not preclude attempts to make a precise diagnosis 
for specific treatment, prognosis, and genetic coun- 
seling. In addition, the patient must be assessed for 
co-morbid conditions and complications of decreased 
kidney function. CRD and hypertension increase the 
risks of loss of kidney function and cardiovascular 
disease. Therefore, individuals with hypertension should 
be evaluated for CRD because hypertension is a cause 
and consequence of CRD. It is possible to have a GFR 
60 to 89 ml/min/1.73 m? without kidney damage. This 
is referred to as ‘decreased GFR,’ and may result from 
age (infants), vegetarian diets, unilateral nephrectomy, 
extracellular fluid volume depletion, or heart failure 
(Table 32-2). 


Table 32-2 Normal Glomerular Filtration Rate (GFR) 


Values in Pediatrics 


Age GFR (ml/min/1.73 m7) 
One week 40.6+14.8 
2 to 8 weeks 65.8+24.8 
>8 weeks 95727 
2 to 12 years 133.0+27.0 
13 to 21 years (males) 140.0 +30.0 
13 to 21 years (females) 126.0 +22.0 


*Values are mean + SD. 
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EVALUATION OF CHRONIC 
RENAL DISEASE 


Chronic kidney disease is evaluated by the excretion 
of protein (and/or albumin) and by the estimation of 
GFR. Proteinuria is an early and sensitive marker of 
kidney damage. Albumin is the most abundant urine 
protein in most types of chronic kidney disease, and low 
molecular-weight globulins are the most abundant urine 
proteins in some types of chronic kidney disease. 
Proteinuria includes albuminuria, increased urinary 
excretion of specific proteins, and increased excretion 
of total urine protein. Albuminuria refers to increased 
urinary albumin excretion. Microalbuminuria refers to 
excretion of small but abnormal amounts of albumin. 
Less than 1% of children have persistent proteinuria, and 
the prevalence of increased urine albumin excretion on 
initial screening varies from 1% to 10%. Glomerular 
integrity can be assessed by dividing albumin clearance 
by creatinine clearance in spot urine samples; this 
provides a better marker of glomerular permeability to 
albumin than the 24-hour albumin excretion rate.? 

GFR is the best measure of overall kidney function. In 
children, this is usually estimated by the convenient (but 
unreliable) Schwartz formula!! that tends to underesti- 
mate the true GFR. Normal GFRs vary according to age, 
gender, and body size (see Table 32-2). Adult values for 
mean GFR are reached by two years of age. The preva- 
lence of decreased GFR in children is not known. Several 
imaging studies are used judiciously to assist in diagnosing 
CRD in neonates and children (Box 32-4). 


Chronic Renal Disease in Neonates 
and Infants 


Neonates with prenatal renal abnormalities whose 
serum creatinine concentrations rise rapidly after birth 
do not have ‘acute renal failure’ but CRD, because the 
failure started in utero. CRD in the neonate usually 
results from inherited disorders or congenital abnormal- 
ities. Neonatal acute renal failure from perinatal asphyxia 


Box 32-4 Imaging Studies that may 


be Requested in CRF 


e Xradiography of the hands and hips 

e DXA scan 

¢ Renal and bladder ultrasound 

e Voiding cystourethrogram (VCUG) 

e Computed tomography scan; magnetic resonance 
imaging 

Radionuclide studies 
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or bilateral renal venous thromboses may progress to 
CRF. The natural history and treatment of some renal 
disorders are altered by prenatal diagnosis and treat- 
ment. In addition, genetic renal disorders are rarely 
isolated abnormalities and are often components of 
many syndromes. Conversely, neonates with multiple 
congenital defects often have renal involvement. Renal 
function often improves in the first year of life even in 
neonates with marked reductions in GFR. 

Causes of CRD in neonates, infants and children are 
shown in Table 32-3. These conditions have been 
reviewed in greater detail in other chapters. It is impor- 
tant to note that not all renal abnormalities classified as 
CRD result in CRF. Examples include unilateral multi- 
cystic kidney and unilateral renal adysplasia. 


Table 32-3 Causes of Chronic Renal Disease 


in Children 


Congenital abnormalities Multicystic kidney 

Renal adysplasia/dysplasia 

Urethral atresia 

Posterior urethral valves 

Uretero-pelvic junction 
obstruction 

Autosomal recessive polycystic 
kidney disease 

Autosomal dominant polycystic 
kidney disease 

Glomerulocystic kidney diseases 

Autosomal recessive renal 
tubular dysgenesis 

Autosomal recessive 
(Finnish type) 

Diffuse mesangial sclerosis 

Denys-Drash syndrome 

Galloway-Mowat syndrome 

Asphyxia 

Renal venous thromboses 

Lupus nephritis 

IgA nephropathy 

Henoch-Schonlein nephritis 

Crescentic glomerulonephritis 

Alport syndromes 

Focal segmental 
glomerulosclerosis 

Membranoproliferative 
glomerulonephritis 

Membranous glomerulopathy 

Stx HUS 

Factor H HUS 

Medications 

Infections 

Cystinosis, hyperoxaluria 

Nephronophthisis 

Pyelonephritis 

Chronic rejection 

Immunosuppressive agents 

Recurrence 


Obstructive uropathies 


Cystic kidney diseases 


Dysgenetic kidneys 


Congenital nephrotic 
syndrome 


Neonatal acute renal injury 


Glomerulonephritis 


Nephrotic syndrome 


Hemolytic uremic 
syndromes 
Tubulointerstitial diseases 


Renal transplantation 


SYMPTOMS AND SIGNS OF CRF 
IN CHILDREN 


There are few symptoms or signs of CRF in children. 
Rather, there may be indicators of chronic renal disease. 
Antenatal pointers to CRD include oligohydramnios, 
polyhydramnios, and abnormal antenatal ultrasound 
findings. The presence of a syndrome should prompt a 
physical examination to evaluate the kidneys and urinary 
tract, for example in the BOR syndrome, Townes-Brocks 
syndrome or Biedl-Bardet syndrome. Defined conditions 
that are associated with CRD include cystinosis and cystin- 
uria. Incidental findings such as single umbilical artery, 
hypospadias and low-set ears are rarely important signs 
of CRD. An incidental episode, such as dehydration, 
may result in the measurement of the serum creatinine 
concentration, and this may be the first indication of CRF. 

It is important to obtain a careful family history (see 
Chapter 3). Failure to thrive is an important sign of CRD 
in infants and young children. Most of the symptoms are 
vague and non-specific. Fatigue, headaches, anorexia, 
nausea, and vomiting occur late in the course of CRF. 
Pruritis and peripheral neuropathy are uncommon. 
Polydipsia, polyuria, and nocturia occur in tubulointer- 
stitial conditions, renal adysplasias, and posterior 
urethral valves. Older children and adolescents may 
present with delayed puberty, forgetfulness and falling 
grades at school. Some children present with pallor and 
others with rickets. Edema and/or hypertension are 
often the first signs of CRD. Congestive heart failure, 
pericarditis, and peripheral neuropathy are uncommon 
in children with CRF (Table 32-4). 


METABOLIC ABNORMALITIES IN CRF 


Hyponatremia 


Hyponatremia can occur as a result of excess free 
water ingestion in a patient with a reduced GFR, or 
reduced salt intake in a salt-losing nephropathy. A salt- 
losing syndrome with tubular resistance to aldosterone 
can occur in infants aged under 3 months with congeni- 
tal urinary tract malformations and acute pyelonephritis.” 
Sodium chloride should not automatically be restricted 
in CRD unless there is hypertension, edema, or volume 
expansion. 


Hyperkalemia 


Hyperkalemia is the result of reduced GFR, metabolic 
acidosis, activation of the renin-angiotensin-aldosterone 
system, reduced flow rate of distal tubular fluid, and 
medications such as angiotensin-converting enzyme 
inhibitors. Hyperkalemia plays a pivotal role in potassium 


Table 32-4 Complications of CRF 


Cardiopulmonary Hypertension 

Pulmonary edema 

Congestive heart failure 

Uremic pericarditis 

Anorexia 

Decreased growth 

Nausea, vomiting 

Weight loss 

Gastroesophageal reflux disease (GERD) 
Bleeding 

Esophagitis, gastritis, duodenal ulcers, colitis 
Myopathy 

Peripheral neuropathy 

Encephalopathy 

School failure 

Forgetfulness 

Sallow color 

Pruritus 


Gastrointestinal 


Neuromuscular 


Psychological 
Dermatologic 


Dermatitis 

Bleeding 

Platelet dysfunction 

Anemia 

Delayed wound healing 

Infections 

Sexual Menstrual abnormalities 
Impotence 


Hematological 


Immunological 


homeostasis in renal insufficiency by stimulating potas- 
sium excretion. In patients with CRF, a new steady state 
develops in which extracellular [K*] rises to the level 
needed to stimulate K* excretion so that it again 
matches intake. When this new steady state is achieved, 
the plasma [K*] remains stable unless dietary intake 
increases, GFR falls, or drugs disrupt the new balance.’ 
Patients with CRD and hypokalemia must not be given 
boluses of potassium, because the serum potassium 
concentration may increase too quickly. 


Metabolic Acidosis 


Metabolic acidosis may be the result of proximal tubu- 
lar wasting of bicarbonate and, more commonly, 
decreased distal excretion of hydrogen ion as a result of 
reduced nephron mass. Metabolic acidosis has role in 
initiating a muscle-wasting syndrome in CRF with a loss 
of lean body mass and a negative nitrogen balance.! 
Metabolic acidosis alters vitamin D and parathyroid 
hormone (PTH) levels, and is another cause of bone 
disease in CRF.’ 


Hyperuricemia 


Hyperuricemia is rarely a problem in patients with 
CRF. In familial juvenile gouty nephropathy ŒJGN), 


Chronic Renal Failure 253 


hyperuricemia is out of proportion to the reduction in 
GFR. Early treatment with allopurinol may retard 
progression to end-stage renal failure in these patients.® 


Hypocalcemia 


Hypocalcemia is caused by perturbations in the 
calcium-parathyroid-calcitriol axis. Serum calcium levels 
are affected by the level of kidney function, and low 
concentrations in serum calcium become evident when 
the GFR is <30 ml/min/1.73 m2. Some infants with CRF 
initially may have elevated serum calcium concentrations. 
Patients with nephrotic syndrome are hypocalcemic 
because less albumin is available for calcium binding. 


Hyper phosphatemia 


Hyperphosphatemia is the result of reduced GFR, 
with decreased excretion of phosphate. This results in 
secondary hyperparathyroidism, and this in turn 
contributes to renal osteodystrophy. The threshold level 
of GFR, at which serum phosphorus levels start to 
increase, ranges from 20 to 50 ml/min/1.73 m?. Higher 
calcium-phosphorus products and increased prevalence 
of an elevated calcitum-phosphorus product occur with 
lower GFRs (Box 32-5). Calcium-phosphorus precipitation 
in the kidneys secondary to elevated phosphorus levels 
may hasten the loss of kidney function. Calciphylaxis or 
extraosseous calcification of soft tissue and vascular 
tissue is uncommon in children. 


RENAL OSTEODYSTROPHY 


Bone disease and disorders of calcium and phosphorus 
metabolism develop during the course of CRD. Radio- 
logical and histological changes of bone disease are 
demonstrated in 40% of patients with severely decreased 
kidney function, and almost 100% of those in kidney 
failure. However, abnormalities leading to bone disease 
begin to occur at earlier stages of CRD. Elevated levels of 
PTH and phosphorus, reduced levels of calcium, and 
reduced urinary phosphate excretion occur when the 
GER is <70 ml/min/1.73 m’. 


Box 32-5 Complications of Abnormal 
Calcium-Phosphorus 


Metabolism 


e Renal osteodystrophy 
e Calciphylaxis 
e Coronary artery calcification 
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Classification: High- and 
Low-Bone Turnover 


Renal osteodystrophy can be classified as: high bone 
turnover and high PTH levels (osteitis fibrosa), and 
mixed lesion; or low bone turnover and low or normal 
PTH levels. 

Low-bone turnover disease is further divided into two 
subgroups, both of which are characterized by a 
decrease in bone turnover or remodeling, with a reduced 
number of osteoclasts and osteoblasts, and decreased 
osteoblastic activity. 


Osteomalacia 

This may be the result of vitamin D deficiency, excess 
aluminum, or metabolic acidosis. In osteomalacia there 
is an accumulation of unmineralized bone matrix, or 
increased osteoid volume. 


Adynamic Bone Disease 

In this condition bone volume and mineralization are 
reduced. This may be caused by excess aluminum inges- 
tion or oversuppression of PTH production with 
calcitriol (dihydroxyvitamin D3).!? 


Secondary Hyperparathyroidism 


Bone disease caused by secondary hyperparathy- 
roidism is the consequence of abnormal mineral 
metabolism: 

e Decreased renal function reduces phosphorus 
excretion and increases phosphorus retention 

e Elevated serum phosphorus concentrations directly 
suppress calcitriol production 

e Reduced renal mass decreases calcitriol 
production 

e Decreased calcitriol production with consequent 
reduced calcium absorption from the 
gastrointestinal tract contributes to hypocalcemia. 
An abnormal calcium-phosphorus balance leads to 
an elevated calcium-phosphorus product, and this 
also contributes to hypocalcemia‘ 

e Hypocalcemia, reduced calcitriol synthesis, and 
elevated serum phosphorus concentrations stimulate 
the production of PTH and the proliferation of 
parathyroid cells,° resulting in secondary 
hyperparathyroidism 

e High PTH levels stimulate osteoblasts, and this 
results in a high bone turnover 

e High bone turnover leads to irregularly woven 
abnormal osteoid, fibrosis, and cyst formation, 
which result in decreased cortical bone and 
bone strength and an increased risk of fracture 
(Box 32-6). 


Box 32-6 Complications of Secondary 


Hyperparathyroidism 


e Renal osteodystrophy bone pain, fractures, growth 

retardation 

Cardiac calcification of cardiac muscle and coronary 

arteries, myocardial dysfunction 

e Neuromuscular impaired neurological and skeletal 
muscle unction 

e Hematopoietic anemia 


ANEMIA 


This usually develops during the course of CRD, and 
may be associated with adverse outcomes. The hemo- 
globin level must be measured in patients with a 
GFR <60 ml/min/1.73 m?, and the anemia must be evalu- 
ated and treated (Figure 32-1). If there is a low hemoglo- 
bin level, then the iron stores (serum ferritin, transferrin 
saturation levels) must be measured. Erythropoietin 
levels are less useful because they are often not appro- 
priately elevated, despite low hemoglobin levels. There is 
no quantitative definition of anemia in CRD, because 
‘acceptable’ hemoglobin levels are not defined for 
patients with CRD. It is important to define anemia rela- 
tive to physiological norms rather than payment rules. !4 

Anemia may result from reduced renal erythropoietin 
synthesis and/or inhibitors of erythropoiesis. However, 
anemia in CRD may also result from blood loss, 
decreased hemoglobin synthesis, or hemolysis (Box 32-7). 
The severity of anemia in CRD disease is related to the 
duration and extent of kidney failure. The prevalence of 
anemia increases when the GFR is below about 
60 ml/min/1.73 m*. Low hemoglobin levels are associ- 
ated with higher rates of hospitalizations, cardiovascular 
disease, cognitive impairment, and increased mortality 
rates. Measures of iron stores, ferritin, and transferrin 
saturation, are not consistently associated with the level 
of GFR. Ferritin levels in patients with reduced GFR may 
represent total body iron status, or they may be markers 
of inflammation and are not useful in measuring iron 
stores, or in predicting the relation of hemoglobin to 
kidney function. Transferrin saturation, in combination 
with serum iron and ferritin levels, is helpful in diagnos- 
ing functional iron deficiency. 


GROWTH FAILURE 


This is a major obstacle to the full rehabilitation of chil- 
dren with CRF. Factors that contribute to impaired linear 
growth are protein and calorie malnutrition, metabolic 


Figure 32-1 Evaluation of anemia in patients with 
chronic kidney disease. TIBC = total iron-binding 
capacity; TSAT = transferrin saturation. 

Modified from National Kidney Foundation: 
Guidelines for anemia of chronic kidney disease. 
In: NKF-K/DOQI Clinical Practice Guidelines. NKF 
K/DOQI Guidelines, 2000. http://www.kidney.org/ 
professionals/doqi/guidelines/doqiupan_i-html#1. 


acidosis, growth hormone resistance, anemia, and renal 
osteodystrophy. Although therapeutic interventions 
such as recombinant human growth hormone (rhGH), !3 
recombinant human erythropoietin, and calcitriol have 
made substantial contributions, the optimal therapeutic 
strategy remains to be defined. Growth failure can 
persist in many children with CRF and in those treated 
with maintenance dialysis. In addition, the increasing 
prevalence of adynamic bone disease and its effect on 
growth has raised concern about the continued general- 
ized use of calcitriol in children with CRF. Parathyroid 
hormone-related protein (PTHrP) and the ratio of PTH to 
PTHrP receptor have critical roles in the regulation of 
endochondral bone formation. PTH/PTHrP receptor 
mRNA expression is down-regulated in the kidneys and 
growth plate cartilage of animals with renal failure. 
Differences in the severity of secondary hyperparathy- 
roidism influence growth plate morphology and the 
expression of selected markers of chondrocyte prolifera- 
tion and differentiation. These findings suggest potential 
molecular mechanisms whereby cartilage and bone 
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development may be disrupted in children with CRF and 
thereby contribute to diminished linear growth. 

There is also reduced production of insulin-like 
growth factor-1 (GF-1) in response to endogenous or 
exogenous growth hormone and reduced expression of 


Box 32-7 Causes of Anemia in Chronic 


Kidney Disease 


e Low erythropoietin levels 

¢ Functional or absolute iron deficiency 

e Blood loss - occult or overt 

e Uremic inhibitors - parathyroid hormone, spermine 
e Aluminum toxicity 

e Medications 

e Reduced half-life of circulating red blood cells 

¢ Folate or vitamin B42 deficiencies 

e Concurrent underlying hematological problems 

e Copper toxicity 
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MAJOR POINTS 


Adverse outcomes of chronic kidney disease may 
often be prevented or delayed through early detec- 
tion and treatment. 

Earlier stages of chronic kidney disease may be 
detected through routine laboratory measurements. 
PTH levels are elevated in patients with decreased 
GFR, and likely are the earliest marker of abnormal 
bone mineral metabolism. 

The intact PTH GPTH) test is the most reliable 
measure of PTH levels. 

Hyperkalemia is a medical emergency, and must be 
treated appropriately. 

In mild hyperkalemia: restrict potassium; bind dietary 
potassium; correct metabolic acidosis; and increase 
urinary K* excretion with furosemide. 

In moderate/severe hyperkalemia: infuse glucose and 
insulin; initiate acute dialysis if unresponsive to 
medical treatment. 

Patients with CRD whose hemoglobin levels are 
lower than physiological norms are anemic. 


growth hormone mRNA. The expression of IGF-binding 
proteins further reduces growth hormone availability 
and action. Metabolic acidosis reduces the pulsatile 
secretion of growth hormone in children with CRF. 
Treatment with rhGH overcomes the tissue resistance. 
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INTRODUCTION 


‘Progression of renal disease’ refers to an irreversible 
decline in glomerular filtration rate (GFR) as a result 
of structural damage to the renal vasculature, tubules, 
or interstitium. Renal disease usually progresses 
slowly, with a loss of GFR of about 3 ml/min each year. 
Therefore, even small improvements in the slowing of 
renal disease progression may provide large benefits. 
Before accepting the diagnosis of chronic renal failure 
(CRF) or end-stage renal failure CESRF), patients and 
their parents have mixed emotions of anger, disbelief, 
or a sense of futility. Knowing that something may be 
done to slow the progression of the renal failure may 
offer some hope. Achieving blood pressure and dietary 
goals slowed progression of renal disease (as indicated 
by GFR) by an average of about 1 ml/min per year 
(MDRD study in adults). For each 1 gram of reduction 
in proteinuria after 4 months of the interventions, sub- 
sequent GFR decline was slowed by about 1 ml/min 
per year (MDRD study in adults). Avoidance of exces- 
sive fluid intake (MDRD study) slowed the progression 
of renal disease by as much as 1-1.5 ml/min per year. 
Additional measures may add further to renoprotection, 
and there are no reasons to suggest that the therapies 
are mutually antagonistic. Although the multiple-risk- 
factor intervention strategy may be beneficial, it is not 
clear how much benefit can be achieved. To do that 
requires a prospective trial in which patients are 
randomized to usual care or to the multiple-risk-factor 
intervention. However, because it is unlikely that such a 
study will be undertaken in the near future, nephrolo- 
gists must make prudent decisions regarding their 
patients, and may have to use evidence that is not 
conclusive. 
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ROLE OF THE PHYSICIAN OF RECORD 


A team approach is essential for the optimal care of 
a patient with chronic renal disease (CRD), chronic renal 
failure (CRF), and especially end-stage renal disease 
CESRD) (Box 33-1). 

Successful, optimum care requires both the input of 
many individuals and also an attending physician of 
record who coordinates care and provides the family 
with information. 

The nature of the condition must be explained in 
simple language that is not condescending. Patience is 
important, because the terms are new and the family 
is bombarded by the realization that their child is going 
to be chronically ill. Fathers initially often intellectualize 
the problem. The parents’ hopes are being dashed, and 
the physician is the dasher of hopes - the bearer of bad 
news. Therefore, the physician must not be angry with 
the parents if they become hostile. There should be as 
few people as possible in a room when bad news is 
imparted. The physician should be optimistic but 
realistic, and leave room for hope, but should not try to 
be unrealistically optimistic. There is no need to cover 
everything at the first encounter. The problem should be 
managed in a rational way, by making the baby as 
comfortable as possible and by treating everything that 
can be treated by conventional means, until the parents 
have made a decision regarding dialysis and transplanta- 
tion. The physician should gently explain that the child 
will feel pain, and that he or she may suffer from the 
treatment, that there are no guarantees of success, and 
that there will be major disruptions to the family’s life. 
The family should be encouraged to obtain a second 
opinion. The physician must not pass moral judgments. 
Access to other parents whose children have, or have 
had, similar problems should be offered, but this must 
comply with HIPAA guidelines. The physician should 
not be afraid of long periods of silence. The physician 
must never take away all hope from a family. Present and 


Box 33-1 The Renal Failure Team 


Nephrologists Nurses Nutritionists 
Pediatricians Clinical nurse Social workers 
Specialty services specialists Psychologists 
Urologists Dialysis nurses Play therapists 
Transplant surgeons Transplant Fellows 
Radiologists coordinators Interns 
Pathologists Secretaries Residents 

Phlebotomists 

Laboratory 

technicians 


potential symptoms and signs must be explained. These 
are initially nausea, vomiting, poor appetite, metabolic 
acidosis, hyponatremia, and hyperkalemia. Later compli- 
cations may include hypertension, anemia, growth retar- 
dation, developmental delay, osteodystrophy, and acute 
urinary tract infections with or without septicemia. 


NUTRITION 


The approach to nutritional management is summarized 
in Box 33-2, and is discussed more fully in Chapter 10. 

Fluid intake should not be restricted, unless there is 
edema or congestive heart failure. Many patients have an 
impaired ability to concentrate urine and hence suffer 
from polydipsia and polyuria. This can cause nocturnal 
enuresis and even daytime accidents. Fluids should be 
restricted if the patient is edematous, or if there is a 
dilutional hyponatremia. 

There is no need to restrict sodium intake unless the 
patient is edematous or hypertensive. Potassium intake 
should only be restricted if there is an elevated serum 
potassium concentration. Carefully review each of the 


Box 33-2 Guidelines of Nutritional 


Management! 


The best way to prevent early growth failure in 
children with CRD is by using specified nutrition, 
appropriate buffer, activated vitamin D, and 
calcium-containing phosphate binders as needed 
Supplemental sodium and water in children with 
polyuria and intravascular volume depletion may 
prevent growth failure 

Cow’s milk is detrimental in this group of individuals 
because of high solute and protein load, often causing 
intravascular volume depletion, hyperphosphatemia, 
and acidosis 

In children with <50% of normal GFR, PTH levels 
must be measured 

Activated vitamin D therapy should be started if PTH 
is elevated to more than two to three times normal 
Thereafter, careful monitoring of calcium, phosphorus, 
and PTH is crucial to prevent renal osteodystrophy, 
low turnover bone disease, and hypercalcemia with 
hypercalciuria and nephrocalcinosis 

Children with tubular defects with severe polyuria 
also may benefit from low-solute, high-volume 
feedings 

All physicians caring for children with renal disease 
should have pediatric nephrology consultation 
available 

Prevention of growth failure is much more cost- 
effective than pharmacologic therapy 


medications that are being taken because some drugs 
such as angiotensin-converting enzyme (ACE) inhibitors 
and spironolactone may cause hyperkalemia in a patient 
with reduced GFR. The correction of a metabolic acido- 
sis will help to reduce the serum potassium concentra- 
tion. Metabolic acidosis can usually be managed by 
giving sodium bicarbonate in a dose of 2-3 mEq/kg each 
day, split into three or four doses. It is never necessary 
to restrict calcium intake, as additional calcium not only 
helps to increase the serum calcium concentration but 
also helps to bind phosphorus. It is important to prescribe 
preparations that do not contain any magnesium or 
aluminum. Serum magnesium levels tend to be increased 
in CRD and CRF, except in very rare conditions. 

Maintaining normal serum phosphorus concentra- 
tions is one of the major challenges in the management 
of CRF. This is done initially by dietary restriction of phos- 
phorus, but is rarely successful and consequently phos- 
phate binders are used. In this respect, calcium carbonate 
is cheap and efficient, but is often poorly tolerated by 
patients because of the taste. In addition, this can cause 
hypercalcemia in some patients. Sevelamer hydrochloride 
(Renagel®) is a calcium-free, aluminum-free phosphate 
binder that shows promise for long-term phosphorus 
control in patients with ESRD.!° Unlike calcium-based 
phosphate binders, sevelamer hydrochloride may not 
reduce single-dose iron absorption.’ 


RENAL OSTEODYSTROPHY 


Renal osteodystrophy must be prevented, and treated 
if present, by restricting phosphate, providing adequate 
calcium, using calcitriol carefully, and correcting 
metabolic acidosis.'! This can be an extremely difficult 
balancing act: 

e Although phosphate must be restricted, this can 
lead to severe phosphate depletion and rickets in 
infants with CRF 

e Many calcium-containing phosphate binders also 
contain aluminum, which aggravates renal 
osteodystrophy 

e Hypercalcemia may occur as a result of the use of 
calcium-containing phosphate binders, especially 
if calcitriol is also administered 

e Sevelamer hydrochloride comes in large capsules 
that may be difficult to swallow 

e Calcitriol may cause adynamic bone disease if 
parathyroid hormone (PTH) is zealously suppressed 


ANEMIA 


Hemoglobin levels must be measured regularly at 
6- to 12-monthly intervals in all individuals with CRD. 
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The hemoglobin level usually declines over time with 
deterioration of kidney function. Anemia must be evalu- 
ated in all patients with a GFR <60 ml/min/1.73 m7. The 
anemia must be assessed in relation to the patient’s 
symptoms and findings, and the impact of anemia on 
co-morbid conditions and other complications of 
decreased kidney function such as tiredness, memory 
loss, and heart failure. Treatment appropriate to the 
etiology of the anemia may include iron supplementa- 
tion, iron plus erythropoietin, and folic acid and vitamin 
B12 if needed. Anemia is treated with erythropoietin and 
iron supplements when the hemoglobin level is below 
10 g/dl. The initial dose of erythropoietin is 100 units 
pet/kg per week, and the dose of elemental iron is 
2-3 mg/kg per day. Failure to respond to erythropoietin 
may be the result of infection, chronic inflammation, 
hyperparathyroidism, insufficient doses of erythropoi- 
etin, aluminum toxicity, and iron deficiency. The long- 
term administration of erythropoietin is not associated 
with accelerated deterioration of renal function,!! but 
may be complicated by hypertension.” 


GROWTH 


Before initiating growth hormone treatment for growth 
retardation, assiduous treatment of co-existing renal 
osteodystrophy and provision of optimal nutritional intake 
should be accomplished.!* This may be difficult to achieve 
because of decreased appetite, nausea and vomiting. 
Growth loss in infants with CRF occurs during the first 
6 months of life when nutrient intakes are poorly 
controlled, and therefore requirements may need to 
exceed recommended daily averages. Feeding by nasogas- 
tric or gastrostomy tubes may be needed. There are no 
established guidelines for optimum dietary protein require- 
ments in neonates, infants and children with CRF. 
Inadequately treated bone disease has a negative impact on 
linear growth. Calcitriol and calcium-containing phosphate 
binder therapy must be monitored carefully by measure- 
ments of serum calcium and PTH levels. Vomiting is a 
frequent problem that can be treated with antiperistaltic 
agents, and some infants may require a fundal plication. 

In children with CRF caused by polyuric, salt-wasting 
diseases, growth may be impeded if sodium and water 
losses are not corrected with low-caloric-density, high- 
volume, sodium-supplemented feedings.” 

The results of 10 randomized controlled trials involv- 
ing 481 children with CRE! showed that treatment with 
rhGH (28 IU/m?/wk) resulted in a significant increase in 
height standard deviation score at 1 year (four trials, 
weighted mean difference [WMD] = 0.77, 95% CI = 0.51 
to 1.04), and a significant increase in height velocity 
at 6 months (two trials, WMD = 5.7 cm/year, 95% CI 4.4 
to 7.0) and 1 year (two trials, WMD = 4.1 cm/year, 


260 PEDIATRIC NEPHROLOGY AND UROLOGY: THE REQUISITES IN PEDIATRICS 


95% CI 2.6 to 5.6). The authors of this meta-analysis 
concluded that, on average, 1 year of treatment with 
28 IU/m? per week rhGH in children with CRF results in 
an increase of 4 cm per year in height velocity above that 
of untreated control subjects, and that there is no 
demonstrable benefit for longer courses or higher doses 
of treatment.!4 rhGH treatment also results in a signifi- 
cant improvement of adult height in children with CRF. 
The eventual height benefit of extended rhGH treatment 
is 1.0 to 1.5 standard deviations on average. Prepubertal 
rhGH treatment has a beneficial effect on final height; 
the efficacy of rhGH during puberty is less evident.4 
There are additional benefits of rhGH therapy. One dose 
of 28 IU/m? per week restores previously dispropor- 
tional body structure and shape in children with CRF.!° 
There are few adverse effects of this treatment.? 


RENOPROTECTION 


CRF invariably leads to ESRF and replacement therapy 
with dialysis and renal transplant.° Hebert et al. carefully 
describe the concept of renoprotection in their seminal 
review in 2001.° They hypothesize that the benefit of 
multiple-risk-factor interventions to retard progression 
of renal disease is the summation of multiple small bene- 
ficial effects. This approach is aimed mainly at prevent- 
ing renal disease progression in adults, but it can be 
modified - with important caveats - for children. Some 
of these caveats are listed in Box 33-3. 

ACE inhibitors may slow the progression of renal 
disease, but they rarely stop progression when used 
alone. Therefore, a multiple-risk-factor intervention strat- 
egy was developed based on inhibiting the progression 
mechanisms that are common to most forms of progres- 
sive renal disease. Each intervention is prioritized and 
assigned a level of recommendation. This is based on its 
proven value or use that is plausibly effective and prudent. 
This approach may provide hope for patients who feel that 
nothing can be done to prevent an inexorable progression 


Box 33-3 Special Considerations in the 


Application of the Principles 
of Renoprotection in Pediatrics 


Infants and children need adequate protein and 
calories for growth 

Infants with renal dysplasia may need extra salt 
because of salt wasting 

Teenage girls must be warned that ACE inhibitors 
can cause an embryopathy 

Children with UTIs may need to drink large 
quantities of fluid 


to ESRF. The proposed renoprotective strategies are based 
on clinical and experimental studies on the mechanisms 
of renal disease progression. The interactions of these 
mechanisms are complex. For example, blood pressure 
control might slow progression of renal disease, not only 
by reducing blood pressure, but also by decreasing 
proteinuria. Because of the uncertainty of how simulta- 
neously deployed renoprotective mechanisms interact, 
both the proven and plausible mechanisms and inter- 
ventions are listed and their possible modes of action are 
discussed. 

Renoprotective strategies are not recommended for 
conditions in which there is little or no increased risk for 
progressive renal disease. The most important of these 
in pediatrics is steroid-responsive minimal change disease 
in the absence of persistent proteinuria or corticosteroid 
resistance. They are not recommended for conditions that 
cause acute renal failure with the expectation of nearly 
complete recovery of kidney function. These include 
acute post-infectious glomerulonephritis, acute obstruc- 
tive uropathy, and acute tubular necrosis from toxins or 
ischemia. Shiga toxin-associated hemolytic uremic 
syndrome may be an exception, especially if the serum 
creatinine concentration does not return to normal or if 
proteinuria persists.® 


LEVELS OF INTERVENTION 


For mechanisms of renal disease progression and 
treatment, four levels of intervention with 18 interven- 
tions are identified. There are four interventions in each 
of levels 1 and 2. Most patients can achieve most of the 
L1 and L2 interventions. There are 10 interventions in 
level 3, and many of these can be achieved. 


Treat Hypertension (Level 1) 


Hypertension induces arteriolar nephrosclerosis, but 
the glomeruli are spared unless the hypertension is 
severe. When hypertension is superimposed on intrinsic 
renal disease, the resulting arteriolar nephrosclerosis 
adds to renal disease progression. In proteinuric renal 
disease, hypertension creates a vicious cycle, promoting 
the progression of renal disease. 


Treatment 

It is important to restrict salt intake and to encourage 
weight loss in obese individuals. If possible, dihydro- 
pyridine calcium channel blockers (D-CCBs) should not 
be used in chronic renal failure because they are 
not antiproteinuric and may worsen proteinuria. The 
D-CCBs are more effective antihypertensives than 
their non-dihydropyridine counterparts (ND-CCBs), but 
they may blunt the renal protection provided by 


ACE inhibitor therapy. Minoxidil may cause hair growth 
and also worsen proteinuria. If the goals of blood pres- 
sure control are not achieved with quadruple therapy, 
the issues of compliance and secondary hypertension 
must be addressed. 
The following sequence is the approximate level of 
recommendation: 
1. ACE inhibitor, diuretic, B-blocker, and D-CCB. 
2. ACE inhibitor, diuretic, B-blocker, and minoxidil. 
3. ACE inhibitor, diuretic, B-blocker, and o-1-receptor 
blocker. The addition of D-CCB or minoxidil will 
increase the effectiveness of this combination. 


Reduce Proteinuria (Level 1) 


Hormonal replacement with erythropoietin, calcitriol, 
and growth hormone have had a great impact on the 
outcome of ESRD. The careful management of patients 
with CRD and CRF may not only retard the progression 
of CRD, but also have major impacts on the success of 
dialysis and transplantation on selective contains toxic 
or inflammatory systems that promote the progression 
of renal disease. Glomerular injury inflicted on 
podocytes worsens the proteinuria. Tubular injury is the 
result of C5b-9 deposition, inflammatory cell infiltration, 
and free-radical formation Gnduced by Fe*+). Tubular 
epithelial hyperplasia results from growth factors 
and mitogens induced by proteinuria through comple- 
ment and by filtered insulin-like growth factor-1 
(GF-1). Proximal tubular epithelial cell hyperplasia 
encroaches on the tubular lumen in proteinuric renal 
disease. In addition, these compounds induce tubulo- 
interstitial fibrosis by proteinuriainduced TGF-B and 
endothelin-1 (ET-1). 

Treatment with ACE inhibitors may reduce proteinuria 
and therefore inhibit the progression of renal disease. 


Role of Angiotensin II 

Angiotensin II promotes renal disease progression by 
inducing glomerular hypertension, glomerular hyper- 
trophy, and glomerular sclerosis. 


Treatment 

The renoprotective effects of ACE inhibitors in 
diabetic and non-diabetic nephropathies are independ- 
ent of their antihypertensive effects. There are broad 
health benefits from prolonged ACE inhibitor therapy, 
and no identifiable health risks. In non-diabetic 
nephropathy, ACE inhibition is renoprotective inde- 
pendent of blood pressure control, but this is only in 
patients with nephrotic-range proteinuria. However, ACE 
inhibition is also renoprotective independently of blood 
pressure control in nephropathies with <3 g of protein 
per day. Enalapril, captopril, benazepril, and ramipril are 
all renoprotective in humans. The amount of ACE 
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inhibitor therapy needed to achieve renoprotection is 
modest (daily treatment with 3.0 mg ramipril, 5 mg 
enalapril and 10 mg benazepril, or 25 mg captopril three 
times each day). 

The goal of ACE inhibition is to reduce proteinuria goal 
below 1 g per 24 hours. Improved blood pressure control 
and decreased proteinuria are evidence that ACE-inhibitor 
therapy is providing renoprotection. ACE inhibitor therapy 
can be renoprotective, even with serum creatinine 
concentrations as high as 2.5 mg/dl. However, ACE 
inhibitors may cause hyperkalemia. If the 24-hour urine for 
potassium exceeds 50 mEq, a reduction in potassium 
intake should prevent serious hyperkalemia. However, if 
hyperkalemia occurs when a 24-hour urine for potassium 
was <40 mEq, it is unlikely that hyperkalemia can be 
avoided by dietary measures alone. If diuretic therapy or 
sodium bicarbonate therapy does not reduce hyper- 
kalemia, ACE inhibition should be stopped and 
angiotensin receptor blocker (ARB) therapy should be 
used because the latter is less likely to cause hyperkalemia. 
The serum creatinine concentration usually increases 
slightly with initiation of ACE-inhibitor therapy. The latter 
approach and a low-protein diet have additive effects on 
reducing proteinuria and slowing the decline in GFR. 


Principles of ARB Therapy 

ARBs are similar to ACE inhibitors in their antipro- 
teinuric and antihypertensive effects, but they are less 
likely to cause cough, angioedema, or hyperkalemia. 
ARBs suppress fibrogenic and inflammatory mechanisms 
similar to ACE inhibitors. It is unknown whether ARBs 
are renoprotective in humans, but they are recom- 
mended for patients who suffer side effects with ACE 
inhibitors. ACE-inhibitor therapy alone, or ARB therapy 
alone, have theoretical therapeutic loopholes, and 
combining them has theoretical advantages. Chymase is 
not inhibited by ACE-inhibitor therapy, and therefore 
angiotensin II can still be generated on this treatment. 
This loophole does not apply to ARB therapy because 
these agents directly block the angiotensin II type 1 (ATI) 
receptor. ARBs do not inhibit the degradation of 
bradykinin, which may have an important antihyperten- 
sive effect. In contrast to ACE inhibitors, ARBs do not 
significantly suppress aldosterone production. Because 
aldosterone induces tissue fibrosis, ACE inhibitors that 
suppress aldosterone would be advantageous. 


Control Hyperglycemia (Level 1) 


Hyperglycemia causes glomerular hyperfiltration, 
hypertrophy, and hypertension. This is rarely a problem 
in non-diabetic CRF patients. The hemoglobin A1C goal 
for type 1 diabetics should be within two percentage 
points of the upper limits of normal for the particular 
hemoglobin A1C assay. 
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Reduce Protein Intake (Level 1) 


Increased protein intake acutely increases GFR and 
increases protein excretion in proteinuric individuals. 
The mechanisms include increased renin and eicosanoid 
production and the effects of individual amino acids, 
including that of L-arginine, on nitric oxide production. 


Treatment 

Protein restriction slows progression of renal disease 
(as GFR) by about 0.5 ml/min per year. When patients 
are instructed in a dietary protein intake of 0.6 g/kg ideal 
body weight per day, the average dietary protein intake 
achieved is 0.7-0.8 g/kg ideal body weight per day. This, 
and lower levels of dietary protein intake, are associated 
with slowed renal disease progression. Although there 
are no known risks to a low-protein diet in adults, one 
must proceed with caution in children. Children require 
at least their required daily allowance of protein calo- 
ries.! Patients with heavy proteinuria require an 
increase of 1 g per day for each gram of proteinuria in 
excess of 3 g per 24 hours. 


Correct Anemia (Level 2) 


Anemia contributes to cardiovascular morbidity and 
mortality, and so may accelerate the progression of renal 
disease. 


Treatment 

Correction of anemia by erythropoietin therapy may 
slow the progression of renal disease. High-dose vitamin C 
therapy to augment iron absorption and to reduce 
oxidant stress is not recommended because it might lead 
to deposition of calcium oxalate in tissues and in turn 
to increased aluminum absorption. Vitamin E mitigates 
oxygen stress and hence may be beneficial. 


Reduce Salt Intake 


Increased salt intake can override the antiproteinuric 
effect of ACE-inhibitor and calcium channel blocker 
therapy. 


Treatment 
Salt should only be restricted in children with 
advanced CRF, or if hypertension is present. 


Reduce Fluid Intake 


Increased fluid intake is associated with a more 
rapid decline in GFR, especially in autosomal dominant 
polycystic kidney disease (ADPKD) patients. The high 
urine volumes are also associated with maintained or 
increased blood pressures and greater use of diuretics. 


High urine volumes could not be explained by more 
aggressive renal disease causing a renal concentrating 
and salt-wasting defect and polyuria. If chronically high 
urine volume promotes progression of renal disease, 
the effect may be due to adverse effects of increased 
intratubular pressure caused by high urine volume. 


Treatment 

Fluid intake must be individualized in children. There 
is a general misconception held by lay people and many 
professionals that large quantities of fluid are required in 
order to flush out the kidneys. Chronic high fluid intakes 
should not be recommended for patients with CRF, 
especially those with polycystic kidney disease (PKD).* 


Control Hyperlipidemia (Level 1 for 
General and Level 2 for Renal Benefit) 


Hyperlipidemia is associated with progressive glomeru- 
lar injury. Hypercholesterolemia induces an atheroscle- 
rotic process in the renal microvasculature analogous to 
that in larger vessels. Hypercholesterolemia and glomeru- 
lar hypertension may act synergistically to initiate struc- 
tural injury. However, there are no definitive controlled 
clinical trials in patients that demonstrate a benefit from 
lipid control on the progression of renal disease. 


Treatment 

Controlling blood lipids may slow the progression of 
diabetic and non-diabetic renal disease. Low levels of 
high-density lipoprotein cholesterol is an independent 
risk factor for progression of renal disease. HMG-CoA 
reductase inhibitors have anti-inflammatory effects by 
blocking NF-KB activation, a transcription factor for 
inflammatory pathways, including the chemokine MCP-1 
that is expressed in inflammatory and non-inflammatory 
renal diseases. 


Avoid Cigarette Smoking 


Cigarette smoking induces vasoconstrictor, thrombotic, 
and direct toxic effects on the vascular endothelium. 
Smoking is an independent risk factor for progression of 
inflammatory renal disease AgA nephritis), non-inflamma- 
tory renal disease (PKD), and diabetic nephropathy. 


Treatment 
The best treatment is to avoid or quit smoking. 


Control Hyperhomocysteinemia (Level 2 
for General and Level 3 for Renal Benefit) 


Hyperhomocysteinemia is a risk factor for atherothrom- 
bosis and microalbuminuria in diabetic nephropathy, possi- 
bly because of oxidant stress-induced endothelial injury. 


Treatment 
It is difficult to normalize plasma homocysteine in 
patients with advanced renal insufficiency. 


Control Increased Endogenous Insulin 
(increased C-Peptide) (Level 3) 


In experimental models of insulin resistance, high 
plasma insulin levels (and/or triglycerides) induce 
glomerular sclerosis. This might explain the association of 
microalbuminuria with insulin resistance in non-obese 
subjects, and the increased incidence of focal and segmen- 
tal glomerulosclerosis in obese individuals and blacks. 


Treatment 

Weight reduction in obese patients and exercise may 
decrease insulin resistance in patients with elevated 
C-peptide levels. 


Avoid NSAIDs (Level 2) 


NSAIDs may cause acute and usually reversible 
renal failure!? and interstitial nephritis. It is not clear 
whether chronic daily use of NSAIDs causes progressive 
nephrotoxicity. 


Treatment 

In patients with CRD or CRF and chronic pain, 
either acetaminophen, propoxyphene, or tramadol are 
recommended. 


Control Hyperphosphatemia (Level 1 for 
General and Level 3 for Renal Benefit) 


Hyperphosphatemia may promote progression of 
renal disease by deposition of calcium-phosphorus in the 
kidneys and/or by secondary hyperparathyroidism. 


Treatment 

The serum phosphorus concentration should be kept 
within the normal range by dietary phosphorus restric- 
tion and phosphate binders. 


Avoid Potassium Depletion (Level 1 for 
General and Level 3 for Renal Benefit) 


Progressive renal interstitial fibrosis may be associ- 
ated with sustained potassium depletion possibly by 
induction of growth factors and TGF-B. 


Treatment 

In patients with chronic severe hypokalemia there is 
progressive renal failure caused by tubular interstitial 
disease. Chronic hypokalemia may also promote cyst 
growth in normal kidneys and in PKD. 
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MAJOR POINTS 


e Hormonal replacement with erythropoietin, calcitriol 
and growth hormone have had a greater impact on 
the outcome of patients with ESRD than that 
obtained by dialysis. The careful management of 
patients with CRD and CRF may not only retard the 
progression of CRD but also have major impacts on 
the success of dialysis and transplant. 

It is safer and cheaper to restrict fluid intake than to 
give diuretics. 

Cigarettes are bad for everything - even the kidneys. 
There is no such thing as a ‘good’ cigarette. 
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Indications for Dialysis 
Acute Dialysis 
Chronic Dialysis 
Hemodialysis 
Continuous Hemofiltration/Dialysis 
Peritoneal Dialysis 
Acute Peritoneal Dialysis 
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Renal Osteodystrophy 
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Dialysis and Transplantation 


INTRODUCTION 


During the past 15 years, an increasing number of 
infants and young children with end-stage renal disease 
(ESRD) have been started on dialysis. The incidence of 
children entering ESRD is 11 to 15 per million of the popu- 
lation per year, and patients aged under 20 years account 
for 1.3% of ESRD cases on dialysis in the USA. In 1976, 
shortly after the development of chronic ambulatory peri- 
toneal dialysis (CAPD), peritoneal dialysis (PD) was recog- 
nized as having special value for children.! This type of PD 
offers the child and family greater freedom, despite the 
possible complications of bacterial peritonitis from 
catheter and tunnel contamination. Numerous studies 
have been performed to define the concept of adequacy of 
dialysis and removal of toxins and water. Since 1980, PD 
has been widely used in children,! and the technique 
remains an invaluable alternative therapy to hemodialysis 
(HD), especially in smaller children because of the small 
size of blood vessels required for vascular access. In larger 
children, PD permits consistent school attendance and 
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travel for family vacations. In contrast to adults, PD is now 
the predominant method of dialysis in children. 


INDICATIONS FOR DIALYSIS 


The choice of dialysis depends on the child’s age, the 
renal disease, socioeconomic factors, and the physician 
and family preference.> Some 50% of children on chronic 
dialysis have congenital or hereditary renal disorders 
(Table 34-1),? in contrast to adults in whom 80% have an 
acquired renal disease. 


Table 34-1 Primary Diagnoses in Pediatric 
Dialysis Patients (Rounded off 


to the Nearest Percentage) 


Diagnosis Proportion (%) 
Renal adysplasia/hypoplastic/dysplasia 16 
Focal segmental glomerulosclerosis 15 
Obstructive uropathy 14 
Vasculitis 8 
Hemolytic uremic syndrome 4.5 
Chronic glomerulonephritis 4 
Reflux nephropathy 3.5 
Polycystic kidney disease 3 
Membranoproliferative glomerulonephritis 3 
types I and II 

Prune belly syndrome 25 
Medullary cystic disease 25 
Congenital nephrotic syndrome 2 
Interstitial nephritis 2 
Familial nephritis 1.5 
Idiopathic crescentic glomerulonephritis 15 
Cystinosis 15 
Denys-Drash syndrome 1.0 
Sickle cell nephropathy 0.5 
Oxalosis 0.5 
Other 155 
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Acute Dialysis 


The indications for initiating dialysis in children 
(Table 34-2) with acute renal failure are similar to those 
in adults.> 

Acute PD is usually preferred for infants and young 
children because of ease of access, simplicity of equip- 
ment, rapidity with which severe hyperkalemia is 
corrected, and efficacy in the face of hemodynamic 
instability. Hemodialysis is favored when the peritoneal 
membrane cannot be used because of abdominal surgery. 
Continuous hemofiltration (CVVHD) or hemodiafiltration 
(CVVHDF) can be effective in a critically ill infant or 
child with hemodynamic instability. Most poisons are 
best removed with hemodialysis. Hemodialysis or 
CVVHD are used to treat hyperammonemia and inborn 
errors of metabolism. 


Chronic Dialysis 


Chronic dialysis is started when the creatinine clear- 
ance is below 10 ml/min/1.73 m2, and earlier in infants 
who have reduced growth velocity, poor head growth 
or delayed milestones.® Peritoneal dialysis (Automated 
Peritoneal Dialysis [APD] or Continuous Ambulatory 
Peritoneal Dialysis [CAPD]) is the technique of choice 
for treating chronic renal failure in children. APD is 
favored for all age groups (Box 34-1).4 

CAPD is useful for children and adolescents. Although 
CAPD does not depend on an electrical source, it 
requires repeat access to the dialysis catheter with the 
risk of breaking the sterile barrier. It also needs addi- 
tional school nursing support. An assurance of adher- 
ence must be obtained in adolescents who choose home 
PD. During adolescence, the requirement for a perma- 
nent intra-abdominal catheter may adversely affect body 
image, and must be accounted for when choosing this 
form of dialysis. However, in reality this also pertains 
equally to hemodialysis access. 


Table 34-2 Indications for Dialysis 


Absolute Indications Relative Indications 


Hyperkalemia with ECG abnormalities 
Congestive cardiac failure caused by 
fluid overload 
Severe hypertension caused by 
fluid overload 
Severe uremic pericarditis 
Uremic encephalopathy 


BUN >120 mg/dl 
Organic acidemia 


BUN = blood urea nitrogen. 


Box 34-1 Benefits of Automated 


Peritoneal Dialysis (APD) 


APD can be performed School attendance is 


at night optimized 

There is a one ‘on-off Scrutiny by peers is 
procedure avoided 

The risk of peritonitis is Precise dwell volumes 
minimized are ensured 


Oral nutrition is 
improved 


Working parents prefer APD 


HEMODIALYSIS 


There is a curvilinear relationship between blood 
urea clearance and blood flow in children on hemodial- 
ysis. The clearance curves for a particular dialyzer must 
be known in order to estimate urea clearance at a given 
blood flow rate. The clearance may plateau at relatively 
low blood flow rates with a small dialyzer. With high- 
efficiency dialyzers, the urea clearance can approach 
90% at blood flow rates below 150 ml/min (Figure 34-1). 

The Gambro C3® and Fresenius 2008® series 
machines are useful for dialyzing children weighing less 
than 20 kg. Older children can be dialyzed with many 
other machines. Dialysis can be performed with single 
needles, for which adapters are available. However, 
these add to the extracorporeal blood volume and 
increase recirculation. Hollow-fiber dialyzers can be used 
for infants or children, while flat-plate dialyzers are no 
longer available. The priming volume (dialyzer plus 
tubing) must be less than 10% of the blood volume. 
Low-volume tubing is available for pediatric dialysis, and 
this reduces the priming volume, but it also restricts the 
blood flow rates. In order to avoid excessive fluid 
removal, ‘volumetric’ ultrafiltration is prescribed and is 
monitored by pre- and post-dialysis bed-scale weights 
accurate to 5.0 g. Vascular access may be either tempo- 
rary or permanent (Table 34-3). Single- and double- 
lumen catheters are available for temporary dialysis, and 
these can be inserted via the internal jugular or femoral 
vessels; the subclavian route is avoided whenever possi- 
ble because of a high rate of thrombosis. Venous cuffed 
cannulae provide permanent access for infants and chil- 
dren aged less than 6 years. Arteriovenous fistulae (AVF) 
are the preferred method of vascular access in children 
and adolescents. When AVF placement fails, polytetra- 
fluoroethylene grafts (Gortex®) or central cuffed venous 
cannulae can be used. 

Infants and children are prone to develop compli- 
cations of the disequilibrium syndrome, hypotension, 
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IN VITRO UREA CLEARANCE: FRESENIUS DIALYZERS (Qd = 500 ml/min) 
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and hypothermia. Chronic hemodialysis treatments are 
given three times each week. The dialyzer and blood 
flow rate should result in a urea clearance of at least 
3.5 ml/min/kg. The required amount of dialysis per 
session should be at least KT/V = 1.3 (Box 34-2). Higher- 
efficiency dialyzers can be used to improve solute clear- 
ance.” Pre- and post-dialysis serum urea nitrogen values 
are monitored to verify dialysis efficacy. Urea nitrogen 
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removal should achieve a urea reduction ratio CURR) of 
70-85% (URR = {1 — [Uposi/Uprel} x 100). Heparinization 
is used to prevent clotting, the initial loading dose of 
heparin being 10-20 U/kg. The activated clotting time 
(ACT) or whole blood clotting time is maintained at 
125-150%, by giving either additional boluses of 
5-10 U/kg of heparin or a constant infusion of heparin 
(Box 34-3). 


Table 34-3 Suggested Vascular Access Catheter Sizes 


Patient Body Weight (kg) Catheter Modality Insertion Site 
1-3 “18-14 G single lumen, 3-8 cm length CAVHD “Femoral artery/vein 
“Umbilical artery/vein (newborns) 
"Femoral vein 
‘Internal/external jugular vein 
“18-14 G single lumen, 3-8 cm length CVVHD *Subclavian vein 
"6.5-7.0 Fr, dual lumen 
>3-12 “16-14 G single lumen, 3-8 cm length CAVHD “Femoral artery/vein 
“16-14 G single lumen, 3-8 cm length CVVHD “Femoral vein 
‘Internal/external jugular vein 
*6.5-8.0 Fr dual lumen “Subclavian vein 
>12-35 "5 Fr single lumen CAVHD "Femoral artery/vein 
"Femoral vein 
"5 Fr single lumen “Internal/external jugular vein 
"8.0-9.0 Fr dual lumen CVVHD “Subclavian vein 
>35 "5-8 Fr single lumen CAVHD “Femoral artery/vein 
“Femoral vein 
"5-8 Fr single lumen CVVHD “Internal/external jugular vein 


*9.0-11.5 Fr dual lumen 


“subclavian vein 


*Vascular access for hemofiltration in children: selection depends on the physician’s assessment of safety for a particular patient. 
CAVHD = continuous arteriovenous hemodialysis; CVVHD = continuous venovenous hemodialysis. 
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Box 34-2 Calculation of K7/V: the 
Required Amount of 


Hemodialysis per Session 
for Three Sessions per Week: 


If the required amount of dialysis is expressed as KT/V 

Where K is urea clearance in liters/hour (assuming no 
residual renal function Kp = 0) 

T is the session length in hours 

V is the urea space 

If K = 3.5 ml/min/kg = 0.21 I/h/kg, and V is set to the 
volume of the total body water (0.6 x kg), then 

1.3 = K x T/V = (0.21 x kg) x T/(0.6 x kg) = 
T x 0.21/0.6 

T = 1.3/0.35 = 3.7 hours per session 


CONTINUOUS HEMOFILTRATION/ 
DIALYSIS 


Continuous hemofiltration/dialysis and its applications 
are discussed in detail in Chapter 35. Continuous therapy 
is indicated for hemodynamically unstable, critically ill 
patients. Complications are infrequent, but they include 
inadequate access, bleeding around the access site, 
patient removal of the line, line sepsis, hemofilter 
membrane rupture, hypotension, hyponatremia, hypocal- 
cemia, hyperkalemia, hemolysis, and seizures. 


Box 34-3 Usual Settings for Hemodialysis 


Less than 10% of the patient’s 
blood volume 

Calculated to provide a urea 
clearance of 1.5-2.0 ml/kg/min 
for the first few sessions, and 
to provide a urea clearance of 
3.0 ml/kg/min thereafter 

2-3 hours for the first few 
sessions, 3-4 hours thereafter 

0.5-1.0 g/kg Gmannitol is 
seldom required with 
a graded increase in dialysis) 

At or above the serum sodium 
concentration (sodium 


Dialyzer and 
tubing 
Blood flow rate 


Session length 


Prophylactic 
mannitol 


Dialysis sodium 


modeling) 
Dialysis potassium According to serum potassium 
concentration 
Dialysis solution 500 ml/min to 800 ml/min 
flow rate 
Ultrafiltration Individualized 


PERITONEAL DIALYSIS 


The surface area of the peritoneal membrane as a 
percentage of the body weight is higher in infants and 
children than in adults, and approximates the body 
surface area. This large surface area allows for rapid and 
efficient equilibration of solutes. Shorter dwell times 
result in increased urea clearance and better fluid 
removal. The same solutions are used for children and 
adolescents. Larger bag volumes are used for APD. 
Tubing with smaller volumes is required for cyclers to 
minimize recirculation volumes when the volumes 
exchanged are less than 800 ml per cycle. 


Acute Peritoneal Dialysis 


Temporary catheters are now used infrequently. They 
are placed over a guidewire after first filling the abdomen 
with dialysate. A single- or double-cuffed Tenckhoff 
catheter for chronic use is inserted if more than 3 days 
of dialysis are anticipated. Three sizes of Tenckhoff 
Catheter® are available: neonatal (<3 kg), pediatric 
@G-10 kg), and adult (>10 kg). There are no data that 
support the contention that newer catheter designs are 
superior to the Tenckhoff catheter.’ Catheters for chronic 
dialysis are inserted under general anesthesia. The peri- 
toneum around the catheter must be sealed with a purse- 
string suture with the cuff immediately proximal to the 
peritoneum. The exit site must face inferolaterally in order 
to minimize the risk of exit-site infection (Figure 34-2). 
When double-cuffed catheters are used, the second cuff 
must be at least 2 cm from the exit site in order to prevent 
cuff extrusion. A partial omentectomy is recommended in 
all children to prevent catheter obstruction (Box 34-4). 


Continuous Ambulatory Peritoneal 
Dialysis (CAPD) 


Young children require five to six exchanges per day 
to control the biochemical abnormalities of uremia, and 
to achieve adequate fluid removal. 


Box 34-4 Usual Settings for Acute 


Peritoneal Dialysis 


Exchange volumes 
Cycle times 
Inflow/dwell times 
Drain times 
Dialysis dextrose 


20 to 50 ml/kg 

30 to 60 minutes 

25 to 50 minutes 

5 to 15 minutes 

Concentration is chosen 
according to the amount of 
ultrafiltration that is 
required (1.5%, 2.5%, and 
4.25% solutions) 


Figure 34-2 Correct Tenckhoff catheter positioning. A single 
cuff is positioned at the middle arrow. The exit site may need to 
be at point A in the infant, but this increases the risk of exit site 
infection. The exit site should point inferolaterally in the older 
child point B, and can be tunneled even lower than is shown. 
When a double-cuffed catheter is used the second cuff should be 
positioned at least 2 cm proximal to the exit site to avoid extrusion 
and reduce risk of infection. 


Automated Peritoneal Dialysis (APD) 


Five or more 2-hour nocturnal exchanges are used for 
adolescents. Infants require more frequent shorter 
cycles. A one-half-volume dwell or no dwell during the 
day helps to prevent a sensation of fullness, facilitates 
food intake, and reduces the occurrence of leaking and 
hernias. The advantages and disadvantages of long-term 
PD are shown in Table 34-4. 
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Dialysis requirements vary among and within individ- 
uals based on differences of solute mass and transfer 
rates in patients receiving long-term PD. The standard- 
ized peritoneal equilibrium test (PET) for adults was 
developed to allow for the characterization and compar- 
ison of basic information on solute transport rates of the 
peritoneal membrane (Box 34-5). Based on the kinetics 
of solute equilibration between dialysate and plasma 
(the D/P ratio), reference curves have been developed 
upon which individualized dialysis can be prescribed in 
adults. The pediatric PET procedure has been standard- 
ized in a small number of patients. More accurate char- 
acterization of the peritoneal membrane in pediatric 
patients and rational clinical application of the PET 
require publication of pediatric reference curves deter- 
mined from larger numbers of children. Complications 
associated with PD are similar for children and adults 
(Box 34-6). 


RECOMBINANT HUMAN 
ERYTHROPOIETIN (rhEPO) 


CRF in children is associated with the development of 
a normochromic, normocytic, hypoproliferative anemia. 
The pathogenesis of the anemia is multifactorial. Anemia 
is more pronounced in children on HD than on PD, and 
this often resulted in dependency on blood transfusion. 
Uremia complicated by severe anemia is responsible for 
reduced physical work capacity, disturbed well-being, 
mental changes and dialysis discomfort. The use of 
rhEPO prevents anemia and avoids blood transfusions. 
Potential causes contributing to anemia should be inves- 
tigated before starting rhEPO therapy (Table 34-5). 
Initial doses of rhEPO are 125 to 275 U/kg per week; 
maintenance doses are smaller (Box 34-7). Intravenous 
administration is preferred while on HD, although 
subcutaneous administration allows up to a 50% reduc- 
tion in dose. Children on PD are given subcutaneous 
rhEPO once or twice a week. A non-responder is a 


Table 34-4 Advantages and Disadvantages of Long-Term Peritoneal Dialysis in Children_ 


Advantages 


Disadvantages 


Vascular access is not required 

Less antihypertensive medication 
Independence 

Daily routine normalized 

Relatively safe and simple procedure 
Continuous fluid and biochemical homeostasis 
Fewer dietary and fluid restrictions 

Applicable to infants 

Better growth 


Peritonitis (one episode per 10-19 patient- 
months of dialysis) 

Exit-site and tunnel infections 

Burnout of parents or caregivers 

Development of hernias 

Decreased appetite from glucose absorption and a 
feeling of abdominal fullness 

Body image disturbances from the external 
catheter and protruding abdomen 
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Box 34-5 Adequacy of Peritoneal 


Dialysis*® 


Adequacy of dialysis is assessed using actual ultrafiltra- 
tion, KT/V of 22.1 and the peritoneal equilibrium 
test (PET). 


Box 34-6 Complications of 


Peritoneal Dialysis 


Infections of exit site, Metabolic (hyponatremia/ 


tunnel, peritonitis hypernatremia, 
Hernias hypokalemia/hyperkalemia, 
Hypervolemia hyperglycemia, 
Leak hyperlipidemia 
Lower back pain Anorexia 
Burnout Hypotension 


Increased mortality in infants 
dialyzed more than once 
each year 


Box 34-7 rhEPO Dosing 


Response dose (starting 
dose) 

Correction dose 

Sustaining dose 


125-275 U/kg per week 


~80% response dose 
~ 30-60% response dose 


Monitor the hemoglobin and reticulocyte count every 2 weeks to adjust 
rhEPO doses. 


Table 34-5 Evaluation of Anemia 


Cause Investigation 

Hemolysis Lactate dehydrogenase (LDH) 

Blood loss Stools for occult blood, calculation of 
blood draw volumes 

Hyperparathyroidism Intact parathyroid hormone levels 


(TH ratio) 

Serum ferritin, serum iron, TIBC, 
% saturation 

Serum folate, B12 

Serum aluminum 

Cultures, C-reactive protein 


Tron deficiency 


Folate/B,2 deficiency 
Aluminum toxicity 
Infection 


TIBC = total iron-binding capacity. 


Table 34-6 Side Effects of Recombinant Human 
Erythropoietin (rhEPO) 


Administration 


Pre- 
Side effect dialysis (%) CAPD (%) HD (%) 
Hypertension 10 30 33 
Hyperkalemia 4 36 24 
>6.0 mEq/l 
Hyperphosphatemia 4 52 18 
>6.5 mEq/1 
Thrombocytosis 0 20 25 


>500,000 per ul 


CAPD = chronic ambulatory peritoneal dialysis; HD = hemodialysis. 


child requiring blood transfusions despite 3 months of 
rhEPO with a dose of more than 750 U/kg per week. 
Iron supplementation (2 mg/kg/day) is required for most 
children receiving rhEPO. Arterial hypertension is 
the most frequent adverse reaction of rhEPO therapy 
(Table 34-6). rhEPO results in better physical and 
psychosocial adaptation of children on dialysis, and this 
in turn enhances the patient’s quality of life. 


RECOMBINANT HUMAN GROWTH 
HORMONE (rhGH) 


Many factors contribute to growth failure in CRF 
(Box 34-8), but the underlying mechanisms are incom- 
pletely understood. rhGH enhances growth in children 
with renal insufficiency who are on dialysis. 


Box 34-8 Factors Contributing to Growth 
Failure in Children with 


Chronic Renal Failure 


Age at onset of primary 
renal failure 

Cause of primary 
renal disease 

Genetic potential 

Degree of renal 
impairment 

Inadequate calorie and 
protein intake 

Renal osteodystrophy 

Metabolic acidosis 


Tubular losses of potassium, 
sodium, water 

Anemia 

Infection, inflammation 

Psychosocial problems 

Growth hormone inhibition, 
hypothyroidism 

Corticosteroids 


RENAL OSTEODYSTROPHY 


Renal osteodystrophy affects skeletal growth and 
maturation. Disorders of vitamin D metabolism, espe- 
cially calcitriol, play a key role in the development of 
secondary hyperparathyroidism. Serum concentrations 
of calcium, phosphate, parathyroid hormone, and alka- 
line phosphatase must be monitored. Adjustments of 
calcium and vitamin D intake are required to keep the 
serum calcium concentration in the upper normal refer- 
ence range. Hyperphosphatemia must be controlled by 
dietary phosphate restriction and oral phosphate 
binders. Phosphate restriction in children is difficult to 
achieve because protein is needed for growth. Calcium 
acetate (PhosLo®), calcium carbonate (Tums®), and 
sevelamer (Renagel®) are used as phosphate binders. 
Calcium acetate does not have to be chewed with meals. 


NUTRITION 


The recommended energy intake is age-dependent 
and should meet recommended daily requirements 
(RDA). Additional calories cause obesity rather than 
growth. The RDA for infants is 100 kcal/kg per day. The 
RDA for older children varies from 40 to 70 kcal/kg per 
day. Infants usually require gavage (nasogastric) feeding 
to attain sufficient calorie intake. The optimal protein 
intake for children is not known, but should be 
2.0-2.5 g/kg per day for infants, and 1.0-1.5 g/kg per 
day for children. Protein loss during PD with long dwells 
should be accounted for and replaced in the diet. The 
volume of urine (residual renal function) and dialysis 
modality influence fluid, sodium, and potassium restric- 
tions. Restrictions are less severe when PD is used. The 
protein intake is individualized to provide for normaliza- 
tion of serum albumin concentration in patients who are 
not nephrotic. 


Box 34-9 Dialysis and Transplantation 


¢ Normal growth and development cannot be achieved 
with even the best dialysis 

e Renal transplantation is better than dialysis for 
optimal quality of life, rehabilitation, and improved 
survival for children with ESRD!° 
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MAJOR POINTS 


¢ The type of dialysis does not affect the outcome of 
renal transplantation. 

e Aluminum-containing compounds must not be used 
for chronic control of hyperphosphatemia 

e Calcium citrate must be avoided because it markedly 
increases aluminum absorption. 


DIALYSIS AND TRANSPLANTATION 


A normal physiological state cannot be achieved by 
peritoneal or hemodialysis (Box 34-9). 
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INTRODUCTION 


Continuous renal replacement therapy (CRRT) 
encompasses a variety of extracorporeal techniques for 
supporting critically ill children with acute renal failure 
(ARP), oliguria, and fluid overload. Prior to the introduc- 
tion of CRRT techniques, critically ill children with ARF 
and fluid overload were treated with hemodialysis CHD) 
or peritoneal dialysis (PD). Critically ill children with 
hemodynamic instability may not tolerate rapid fluid 
removal by conventional HD treatment, which occurs 
over 3-4 hours. Peritoneal dialysis treatment often yields 
less solute clearance; moreover, patients with respira- 
tory failure may not tolerate fluid in the peritoneum.® 
The introduction of CRRT has been a revolutionary 
step in the management of critically ill children with 
ARF, as the CRRT treatments occur continuously, allow- 
ing for fluid removal in children with hemodynamic 
instability. 


HISTORY 


CRRT development dates back to the mid-1960s, 
when Henderson described a renal replacement therapy 
technique called diafiltration, which relied solely on 
ultrafiltration (UF), using membranes that were more 
permeable to water and small solutes compared to stan- 
dard hemodialysis membranes. The technique came to 
be known later as hemofiltration. Henderson showed 
that, by pumping blood at high flow rates through an 
extracorporeal circuit containing a highly permeable 
filter, large volumes of plasma ultrafiltrate could be 
generated. During the late 1970s, Kramer first used 
continuous hemofiltration as a treatment for ARF, and 
showed that the heart could provide sufficient flow 
to produce UF by placing the hemofilter between the 


arterial and venous catheters. This technique was 
then termed continuous arteriovenous hemofiltration 
(CAVH). 

In 1980, Paganini introduced slow continuous ultra- 
filtration (SCUF) for patients with ARF and fluid over- 
load. In 1983, Geronemus and Schneider introduced 
continuous arteriovenous hemodialysis (CAVHD), in 
which dialysate fluid is passed through the filtrate 
compartment continuously to enhance the solute 
removal. In 1985, Lieberman used the SCUF technique 
to treat an anuric neonate with ARF and fluid overload, 
which was the first reported case of the use of contin- 
uous hemofiltration technology to treat a pediatric 
patient. In the following year, Ronco provided the first 
description of the use of continuous arteriovenous 
hemofiltration (CAVH) in neonates. The transition from 
CAVH to continuous venovenous hemofiltration (CVVH) 
using pumped hemofiltration systems in children was 
made during the early 1990s. 


DEFINITIONS 


Continuous Renal Replacement 
Therapy (CRRT) 


CRRT is defined as any extracorporeal blood purifica- 
tion therapy intended to substitute for impaired renal 
function over an extended period of time, and 
prescribed for 24 hours per day.! In general, CRRT may 
be divided into the seven basic modalities, and defini- 
tions of each are detailed below.' The molecular trans- 
port mechanism employed with each modality is 
described first. 


Molecular Transport Mechanisms 

There are a number of key scientific principles used 
to accomplish the goals of CRRT. Understanding the 
principles of diffusion, ultrafiltration, convection and 
adsorption leads to the prescription of appropriate ther- 
apy or combination of therapies for a particular clinical 
setting. 


Diffusion 

Diffusion refers to the movement of solutes from 
an area of higher concentration to an area of lower 
concentration, across a semipermeable membrane. 
Current CRRT filters are constructed of a hollow fiber 
design, with blood being pumped inside the fiber. 
During conventional hemodialysis or CRRT dialytic ther- 
apies, the addition of a countercurrent balanced elec- 
trolyte solution to the extraluminal space of the dialyzer 
creates the concentration gradient, leading to diffusion 
of small solutes from the blood across the fiber 
membrane. 
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Convection 

Convection refers to the movement of solutes across 
a semipermeable membrane where solute is transported 
together with solvent, otherwise called ‘solvent drag,’ by 
means of filtration in response to a transmembrane pres- 
sure gradient. 

With hemofiltration CHF), the removal of solutes 
occurs via convection. HF refers to the provision of 
either pre- or post-filter replacement fluid into the extra- 
corporeal circuit. In hemodiafiltration, a combination of 
diffusive clearance (hemodialysis) and convective clear- 
ance (hemofiltration) is used in close to equal propor- 
tion for the purpose of solute removal. 


Ultrafiltration 

Ultrafiltration (UF) refers to the process of movement 
of fluids through a membrane caused by a pressure 
gradient. The pressure gradient in the extracorporeal 
circuit is created by positive or negative hydrostatic 
pressure using pumps, or by oncotic pressure generated 
from non-permeable solutes. 

Ultrafiltration results in removal of fluid (plasma 
water) from the patient’s blood. The fluid that is 
removed is referred to as the ultrafiltrate. 


Adsorption 

Adsorption refers to the adherence of molecules 
to the membrane surface or interior. Convection also 
drives the adsorption of molecules. Adsorption can be 
either surface adsorption onto the membrane, or bulk 
adsorption within the membrane when the molecules 
can permeate it. Solute adsorption onto a membrane 
results from the chemical properties of the membrane. 
These adsorptive properties may be influenced by elec- 
trical charge or the affinity of the membrane to attract 
and be retained in the membrane surface. 


Sieving Coefficient 

The sieving coefficient is the ratio between the filtrate 
concentration and plasma concentration for a given 
molecule. Molecules which filter freely (e.g., elec- 
trolytes, urea, glucose) have a sieving coefficient of 1.0. 
Large molecules (e.g., some drugs) may have a lower 
sieving coefficient because the relatively small filter 
pores retard the passage of large molecules. The sieving 
coefficient for very large molecules (20,000 Da) such as 
albumin is zero. 


Slow Continuous Ultrafiltration (SCUF) 

SCUF is a form of CRRT that is not associated with 
fluid replacement and is often used in the manage- 
ment of refractory edema with or without renal failure 
(Figure 35-1A). The primary aim of SCUF is to achieve 
safe and effective treatment of fluid overload. 
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Figure 35-1 Schematic representation of commonly used continuous renal replacement therapy (CRRT) techniques. (A) Slow continu- 


ous ultrafiltration technique (SCUF). (B) Continuous venovenous hemofiltration (CVVH) technique. As shown in the figure, the replacement 
fluid is run either pre- or post-filter. (C) Continuous venovenous hemodialysis (CVVHD) technique. As shown in the figure, this procedure 
is characterized by slow countercurrent dialysate flow into the ultrafiltrate-dialysate compartment of the membrane. (D) Continuous veno- 
venous hemodiafiltration (CVVHDF) technique. This method uses both slow countercurrent dialysate flow into the ultrafiltrate-dialysate 
compartment of the membrane and replacement fluid (either pre- or post-dilution). (These figures are adapted with permission from 


Gambro/Prisma Education Program CD.) 


Continuous Arteriovenous 
Hemofiltration (CAVH) 


In CAVH, patient perfusion pressure determines the 
blood flow through the filter. Two access sites are 
required: an arterial site to generate blood flow, and a 
venous site for blood return. UF generation is blood 
flow-dependent so that patients with poor perfusion 
pressure will have low UF generation. Continuous anti- 
coagulation is administered through a prefilter tubing 
connection. However, problems in the control of blood 
flow and ultrafiltration, the increased propensity for filter 
clotting, and the potential for arterial complications such 


as thrombosis associated with prolonged catheter place- 
ment, all weigh against CAVH as a routine procedure in 
the intensive care unit. 


Continuous Arteriovenous 
Hemodialysis (CAVHD) 


In CAVHD, a diffusive component is added to CAVH 
in order to enhance urea clearance. The circuit is the 
same as that used for CAVH but with the addition of a 
constant infusion of dialysate passing through the filtrate 
compartment of the filter. 


Continuous Venovenous 
Hemofiltration (CVVH) 


The CVVH circuit requires a blood pump and an air 
detector, and is often equipped with arterial and venous 
pressure monitors. In this case, the ultrafiltrate produced 
is replaced completely or in part by sterile filter replace- 
ment fluid (Figure 35-1B). This technique has the clear 
advantage of avoiding the potential complications of 
arterial access, and is capable of providing a substantial 
amount of convection-based clearance. Solute clearance 
is dependent on blood flow rate and the surface area of 
the membrane used. 


Continuous Venovenous 
Hemodialysis (CVVHD) 


CVVHD is a technique whereby the extracorporeal 
circuit is characterized by slow countercurrent dialysate 
flow into the ultrafiltrate-dialysate compartment of the 
membrane (Figure 35-1C). Fluid replacement is not 
administered, and solute clearance is mostly diffusive. 
The pump from the filter controls not only the dialysate 
flow rate but also the UF volume. 


Continuous Venovenous 
Hemodiafiltration (CVVHDF) 


CVVHDF is a technique whereby solute removal 
occurs via both diffusive and convective molecular trans- 
port mechanisms. Diffusive clearance is accomplished 
by the addition of a slow countercurrent dialysate flow 
to the ultrafiltrate-dialysate compartment of the 
membrane and the convective clearance achieved by the 
use of replacement fluid (Figure 35-1D). Combinations 
of both hemofiltration and diafiltration lead to enhanced 
solute clearance.*:!° Some data suggest that convective 
clearance may enhance the removal of larger molecules 
compared to diffusive clearance. 


CRRT EQUIPMENT 


Machines 


Several CRRT machines suitable for pediatric use are 
available, and these are listed in Table 35-1. Membranes 
used in hemofiltration are designed with high hydraulic 
permeability to promote UF. Membranes are manufac- 
tured from polymeric thermoplastics such as polysulfone, 
polyamide, polyacrylonitrile, and polymethylmethacryl- 
ate. The hemofiltration membrane is a composite struc- 
ture consisting of an inner thin layer adjacent to the blood 
path surrounded by a supporting superstructure that 
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Table 35-1 CRRT Machines 


Company Machine 

Edwards Aquarius® 

Lifesciences 

Gambro Prisma® 

Baxter BM 11° 
BM lla 
BM 25® 
Accura® 

Fresenius 2008® 

B Braun Diapact® 


*Blood pump only; addition of the BM14 is needed to make the total 
of a BM25 for the blood and ultrafiltration combined. 


provides mechanical integrity without restricting the 
passage of water or any solutes small enough to pass 
through the pores of the inner layer. Hemodialysis 
membranes contain long, tortuous interconnecting 
channels that result in a higher resistance to fluid flow. 
The hemofiltration membrane consists of straight chan- 
nels of increasing diameter that offer lower resistance to 
fluid flow. 

All HF machines currently available commercially can 
provide circuit volumes that offer the adaptability to 
sustain therapy for smaller and larger size individuals. 
The Baxter, Braun and the Fresenius machines allow for 
individual choice of hemofilter membrane, while the 
Gambro machine uses a single membrane (AN-69) incor- 
porated into a cassette containing blood tubing and pres- 
sure pods. The properties of the different hemofilters are 
listed in Table 35-2. 


Table 35-2 CRRT Hemofilters 


Properties/ Priming 
Hemofilter Surface Area (m7) Volume (mİ) 
Amicon Polysulfone/0.07 15 
Minifilter Plus 
Renaflo II Polysulfone 
HF 400 0.3 28 
HF 700 0.7 53 
HF 1200 1.25 83 
Gambro 
Multiflow 100 AN-69/0.8 107 
Multiflow 60 AN-69/0.6 84 
Multiflow 10 AN-69/0.3 50 
HF 1000 Polysulfone/1.16 128 
Asahi PAN Polyacrylonitrile 
0.3 0.3 33 
0.6 0.6 63 
1.0 1.0 78 
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Vascular Access 


CRRT dialysis treatment efficiency depends on a prop- 
erly functioning vascular access. Blood flow is related to 
resistance within a circuit. Vascular access resistance 
depends upon both the internal diameter and length of 
the catheter. Catheters with smaller internal diameters or 
longer lengths produce a higher resistance to blood flow, 
which can predispose to circuit clotting. Due to the 
relatively low blood flow rate (BFR) used in CRRT 
@G-5 ml/kg/min), as well as the smaller size of blood 
vessels in infants and children, access appropriate for size 
and BFR is needed for this population. Catheters should 
be small enough to avoid vascular injury, yet should allow 
for adequate BFR. 

The use of double-lumen catheters (DLC) has simplified 
CVVHD vascular access. DLCs are designed to withdraw 
blood from a large vein through holes in the side of the 
catheter that enter the outside lumen (arterial’ lumen). 
Blood is returned down the central venous lumen and 
delivered through a single hole in the tip of the catheter 
that extends a short distance further into the vessel, 
beyond the arterial holes on the side of the catheter. This 
design is intended to reduce recirculation of the blood by 
withdrawing from a site that is more distal and returning 
to a more proximal location within the same large vein. 
When the catheter’s overall diameter is too large and 
closely resembles the internal diameter of the vessel, poor 
arterial flow may result from collapse of the vein against 
the side holes of the catheter. This problem may be 
resolved by reversing flow (.e., withdrawing from the 
venous and returning through the arterial lumen). 

Depending upon the size of the patient, the access 
site and size may vary as listed in Table 35-3. Due to the 
potential long-term complication of subclavian vein 
stenosis, use of either internal jugular or femoral vein is 
preferred for catheter placement. 


Blood Pump and Extracorporeal Circuit 


CRRT pumps typically have devices to monitor pres- 
sures in the arterial and venous limbs of the circuit, 


which stops blood flow and alarms automatically when 
the pressures are outside acceptable ranges. If pressure 
in the arterial limb is too negative, blood flow from the 
patient is inadequate, usually because of clotted vascular 
access or a vein collapsing around the catheter. If the 
pressure in the venous limb is too high, blood return to 
the patient is inadequate, usually because of catheter 
occlusion or a clot in the venous drip chamber. If the 
catheter has been present for some time, tissue plas- 
minogen activator (t-PA) treatment may remove clots 
obstructing the catheter. If the venous pressure is too 
low when the arterial pressure is adequate, there may be 
leak or disconnection in the circuit, or the pump speed 
may be too slow for the size of the catheter. 

The volume of the tubing for the typical hemofiltra- 
tion circuit and the hemofilter often exceeds 10% of the 
estimated blood volume of a child weighing less than 
10 kg. To prevent hemodynamic instability, CRRT circuit 
priming with colloid is often employed in situations 
where the extracorporeal circuit volume exceeds 
10-15% of the patient’s blood volume. 


Prescription 


CRRT prescriptions vary from center to center. The 
main components of the prescription are the circuit prim- 
ing solution, type of dialysate used, type of anticoagula- 
tion used to prevent circuit clotting, replacement fluid 
used for hemofiltration, blood pump speed, dialysate rate, 
and UF rate. Most circuits can be primed safely with 
saline. If the extracorporeal volume is >10-15% of the 
patient’s estimated blood volume, priming with blood 
often becomes necessary. Since stored blood has a low 
pH and is anticoagulated with citrate, rapid infusion of a 
blood prime into an unstable patient can cause acute 
acidosis and hypocalcemia - leading to hypotension. 
Simultaneous infusion of sodium bicarbonate and 
calcium gluconate with the blood prime prevents this 
phenomenon.’ 

The blood pump speed (Qb) may vary from 2 to 
10 ml/kg/minute, and should be optimized to the 
patient’s hemodynamic stability. While no definitive data 


Table 35-3 Suggested Size and Selection of Hemofiltration Vascular Access for Pediatric Patients 


Patient Size (kg) Catheter Size and Source 


Site of Insertion 


Neonate Single-lumen 5 Fr (Cook) 
Dual-lumen 7 Fr (Cook/Medcomp) 

3-6 Dual-lumen 7 Fr (Cook/Medcomp) 
Triple-lumen 7 Fr (Medcomp) 

6-30 Dual-lumen 8 Fr (Kendall, Arrow) 

>15 Duallumen 9 Fr (Medcomp) 

>30 Dual-lumen 10 Fr (Arrow, Kendall) 


>30 Triple-lumen 12.5 Fr (Arrow, Kendall) 


Femoral artery or vein 

Femoral vein 

Internal/external-jugular, subclavian or femoral vein 
Internal/external-jugular, subclavian or femoral vein 
Internal/external-jugular, subclavian or femoral vein 
Internal/external-jugular, subclavian or femoral vein 
Internal/external-jugular, subclavian or femoral vein 
Internal/external-jugular, subclavian or femoral vein 


exist which describe the optimal clearance rates for 
CRRT, initial studies suggest use of a dialysate rate (Qd) 
or replacement fluid at 2000 ml/h/1.73 m? are associated 
with improved patient survival.?! 

Ultrafiltration rates (UFR) should be prescribed 
depending on the patient’s hemodynamic and fluid 
status. Ideally, the UFR should be <5% of the blood flow 
rate in order to prevent hemoconcentration in the filter, 
while the net patient UF (i.e., the total intravenous input 
minus the total patient UF) can be safely targeted at 
1-3% of the patient’s blood volume per hour. 


Solutions 


A list of CRRT replacement and dialysate solutions is 
provided in Table 35-4. Replacement solutions can be 
infused either pre- or post-hemofilter. Most centers use 
saline or Ringer’s lactate as a relatively inexpensive form of 
replacement fluid. Extemporaneously pharmacy-prepared 
solutions can be custom-made according to the patient’s 
needs. The decision to use replacement fluid is often 
based on the overall solute and UF clearance requirements 
of the patient, as well as the local standard of care. 

FDA-approved dialysis solutions are available both in 
lactate (Baxter, Deerfield, Illinois, USA) and bicarbonate 
form (Dialysis Solutions Inc, Richmond Hill, Ontario, 
Canada). Pharmacy-made customized solutions (usually 
bicarbonate-based) are also available. All of these solu- 
tions appear to be effective for overall urea clearance. 
An adult cross-over study by Zimmerman et al.?> demon- 
strated that a bicarbonate-buffered dialysis solution 
provided equal acid-base control, but maintained more 
normal lactate levels than a lactate-buffered dialysis solu- 
tion. Moreover, patients with hepatic failure may not be 
able to convert lactate to bicarbonate, and use of lactate- 
based dialysis solution may produce or exacerbate lactic 
acidosis. Hence, bicarbonate-based dialysis solutions are 
preferred for patients with hepatic failure. 
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Anticoagulation 


Optimal extracorporeal circuit anticoagulation 
balances the maintenance of circuit patency while mini- 
mizing patient complications of anticoagulation therapy. 
A patient’s clotting system is activated in CRRT circuits 
because of the circulating blood’s contact with artificial 
surfaces.” Low blood flow rates and a high patient 
hematocrit enhance this effect. Individual circumstances 
dictate anticoagulation requirements, and patients with 
disseminated intravascular coagulation (DIC) or hepatic 
failure may not require pharmacological anticoagulation. 
While various methods of anticoagulation have been 
used in CRRT, randomized controlled studies comparing 
different methods are lacking. Currently available anti- 
coagulation choices are a no anticoagulant (saline-flush) 
method, controlled dose dow-dose) heparin, '4 low 
molecular-weight (LMW) heparin, regional citrate, 
prostacyclin, and nafamostat mesylate. 

One of the major disadvantages of CRRT is the ongoing 
necessity for anticoagulation, which increases the risk of 
bleeding and thrombocytopenia. In addition, turbulent 
blood flow, shear stress, and platelet-membrane interac- 
tion may cause platelet dysfunction, which further 
enhances the risk of bleeding. The most commonly 
used anticoagulation method employs continuous 
administration of heparin in the arterial line of the extra- 
corporeal circuit. A common method for extracorporeal 
circuit priming is using 1-2 | of saline containing 
1000-2000 U of heparin. Monitoring the activated 
clotting time (ACT) ensures the adequacy of heparin 
administration to prevent circuit clotting. The initial 
heparin bolus and the subsequent continuous heparin 
administration should be individualized for each patient 
according to the bleeding/clotting risk. Most centers 
aim to maintain ACT in the range of 180-240 seconds. 
ACT monitoring can be performed at 1- to 4hour 
intervals. 


Table 35-4 Commercially Available CRRT Solutions 


PrismaSate® PrismaSate® Hemofiltration 

Additives BKO0/3.5 BK2/0 Normocarb® Solution 

Na (mEq/L) 130 130 140 140 

K (mEq/L) 0 2 0 2 

Cl (mEq/L) 109.5 108 105 117 

HCO; (mEq/L) 32 32 35 0 

Lactate (mEq/L) 3 3 0 30 

Ca mEq/L) 3.5 0 0 3.5 

PO, (mEq/L) o 0 0 0 

Mg (mEq/L) 1 1 1.5 1.5 


Glucose (mg/dL) (0) 110 


280 PEDIATRIC NEPHROLOGY AND UROLOGY: THE REQUISITES IN PEDIATRICS 


Of the other anticoagulation modalities available, 
regional citrate anticoagulation has gained much recent 
attention and has been increasingly used in many pedi- 
atric centers.” Regional citrate anticoagulation works 
via chelation of ionized calcium in the CRRT circuit, 
which prevents calcium-dependent clotting factor acti- 
vation and thereby inhibits the intrinsic and extrinsic 
coagulation cascades.” In the patient, citrate is metabo- 
lized to bicarbonate, thereby releasing the ionized 
calcium, and a calcium chloride solution is infused into 
a central venous line, which normalizes the patient’s 
ionized calcium and prevents anticoagulation of the 
patient. Citrate is infused into the arterial limb of the 
CRRT circuit, with the aim of keeping the ionized Ca?* 
concentration at <0.5 mmol/l. Commonly used citrate 
solutions include trisodium citrate and anticoagulant 
citrate dextrose-formula A (ACD-A) solution. To prevent 
hypocalcemia in the patient (the aim being to keep the 
patient’s ionized Ca2+ >1.1 mmol/D, calcium chloride is 
infused via a different central line. Both the patient and 
circuit ionized Ca?* levels are monitored at regular inter- 
vals. Possible side effects of regional citrate anticoagula- 
tion are hypernatremia, hypocalcemia, and metabolic 
alkalosis. Furthermore, the development of a citrate 
buffer for calcium can occur in the patient, which leads 
to increasing total calcium levels with decreasing 
ionized calcium levels. This phenomenon is termed 
‘citrate lock,’ and is easily reversed by stopping the 
citrate infusion for 4 hours.? 


NUTRITION AND CRRT 


Protein malnutrition is an inevitable consequence of a 
low-protein nutritional regimen in critically ill patients 
with ARF.!!18:!9 protein depletion and a persistent and 
markedly negative nitrogen balance are highly undesir- 
able, and result in respiratory muscle wasting and, possi- 
bly, immunological dysfunction and delayed renal 
recovery. The advent of CRRT now permits the virtually 
unrestricted administration of nutrition and proteins to 
patients with ARF and critical illness, but may also 
contribute to the development of a negative nitrogen 
balance through loss of free amino acids and peptides 
across hemofilters. Studies recently conducted demon- 
strate significantly improved nitrogen balance when 
patients are provided higher protein intake in combina- 
tion with increasing CRRT clearance to control resultant 
azotemia. In a non-dialytic setting of ARF the standard 
recommendation for protein requirements is in the 
range of 1.5 g/kg per day. In patients receiving CRRT, 
protein requirements may be in the range of 3-4 g/kg 
per day or greater in order to maintain a positive nitro- 
gen balance.!®19 


INDICATIONS FOR CRRT 


CRRT is generally prescribed for patients with ARF 
and fluid overload who do not respond to conservative 
medical management (pressors and diuretics) and who 
are hemodynamically unstable to tolerate conventional 
hemodialysis. CRRT is ideally suited to subgroups of 
patients, including bone marrow transplant patients 
with ARF and fluid overload, patients with septic shock 
and multi-organ failure, and liver transplant and heart 
transplant patients with ARF and fluid overload. 

Sepsis with systemic inflammatory response 
syndrome (SIRS) and its late sequela, multi-organ failure, 
are caused by an uncontrolled immune response, lead- 
ing to the generation of pro-inflammatory mediators of 
sepsis. Several investigators have contributed to the idea 
that at least part of this mediator load could be removed 
by hemofiltration. Grootendorst et al.! demonstrated 
significant differences between the clearances of inter- 
leukin CIL)-6, IL-8 and IL-10 with CRRT. It was found that 
the efficacy of IL-6 removal with polyamide is low, and 
the ultrafiltrate IL-10 concentration is below detection 
level, while IL-8 is cleared more effectively. Since the 
sizes of the interleukins are roughly equal, hemofiltra- 
tion interleukin removal efficacy cannot be predicted 
from molecular weight alone. Bellomo and colleagues?’ 
showed that CVVHD using a polyacrylonitrile membrane 
is associated with the extraction of IL-6 and IL-8 from the 
circulation of patients with septic multi-organ and renal 
failure. However, no study to date has demonstrated 
that improved SIRS mediator removal is associated 
with improved patient outcome. This lack of association 
likely results from the relative non-selectivity of CRRT 
membrane in the removal of anti-inflammatory as well as 
pro-inflammatory cytokines. Further investigation into 
more selective removal techniques using CRRT is 
needed to determine whether specific cytokine removal 
can lead to improved patient outcome. 


NON-RENAL INDICATIONS OF CRRT 


When CRRT is used for the non-renal indications 
described below, efficient clearance of potassium and 
phosphorus may result. However, frequent monitoring 
of serum potassium and phosphorus levels is warranted, 
and replacement may be needed through TPN or as a 
separate infusion. 


Inborn Errors of Metabolism 


The use of CRRT in the treatment of inborn errors of 
metabolism, such as urea cycle defects, is becoming 
standard practice.!* In infants and children with very 


high ammonia levels, a standard HD treatment may be 
used first to rapidly lower the ammonia level. CRRT can 
then be initiated upon HD treatment termination, in 
order to prevent the usual ammonia level rebound asso- 
ciated with intermittent HD. 


Lactic Acidosis 


As CRRT allows for infusion of bicarbonate without 
the risk of hypernatremia or fluid overload, these tech- 
niques are used for management of lactic acidosis 
secondary to inborn errors of metabolism. 


Intoxications 


CRRT can be useful in the treatment of intoxication 
by lithium, carbamazepam, phenytoin and N-acetyl 
procainamide. The clearance of intoxicants with signifi- 
cant protein binding may be improved by the addition of 
albumin to the dialysate. 


Tumor Lysis Syndrome 


CRRT has been employed in the prevention and treat- 
ment of hyperphosphatemia, hyperuricemia, and ARF 
associated with tumor lysis syndrome. 


DRUG MANAGEMENT DURING CRRT 


Drug elimination by hemofiltration depends mainly on 
the rate of UF, the drug protein binding, and the sieving 
coefficient for a particular drug. Because patients under- 
going continuous hemofiltration have impaired renal 
function, dosage reduction is often recommended so that 
adverse drug reactions are avoided. In contrast, if drug 
removal by hemofiltration is significant, then dosage 
supplementation may be required to ensure therapeutic 
efficacy. Therefore, knowledge of the impact of CRRT on 
drug elimination and the pharmacokinetic profile of drugs 
is essential for good clinical management. Unfortunately, 
few pediatric data exist to describe CRRT clearance char- 
acteristics for many commonly used medications. Factors 
that complicate the generalization of pharmacokinetic 
data from one study to a particular patient include the use 
of different modality, filter, blood flow rate, ultrafiltrate 
flow rate, dialysate flow rate, and patient population. 

Drugs cleared primarily via the non-renal route 
usually do not require CRRT dose adjustments. Drugs 
cleared primarily via the renal route need CRRT dose 
adjustment, and drugs that have some renal clearance 
potentially require some dose adjustment. CRRT medica- 
tion clearance varies markedly from drug to drug, and 
depends on the pharmacokinetic properties of the drug, 
the rate of CRRT, and the type of filter used. 
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For drugs with a wide therapeutic window, standard 
dosing guidelines for ARF and dialysis removal are prob- 
ably adequate. For drugs with narrow therapeutic 
window, starting with the recommended initial dose for 
patients with ARF receiving dialysis dose is reasonable, 
and frequent serum drug level monitoring should be 
performed if possible. 


COMPLICATIONS 


Filter Clotting 


Clotting of the hemofilter is the most common 
complication of CRRT. Factors that predispose the filter 
to clotting include interrupted blood flow, high resist- 
ance anywhere in the circuit (especially in the venous 
limb of the access), high filtration fraction, air pockets 
within the filter fibers, and inadequate anticoagulation. 
Among these factors, inadequate anticoagulation and 
vascular access malfunction are most commonly encoun- 
tered. Thromboembolic and infectious complications 
are also more likely to occur in patients with frequent 
filter clotting. 

The average filter lifespan varies widely among 
patients, and may also change as conditions change in 
the individual patient. For instance, patients recovering 
from sepsis may demonstrate resolution of DIC and may 
have increased pharmacological anticoagulation require- 
ments. The present authors’ practice indicates average 
filter lifespans to range from 48 to 60 hours. Most manu- 
facturers recommend scheduled filter changing at 
72 hours of filter life. 


Membrane Reactions 


One of the more biocompatible membranes (PAN, 
AN-69) has been shown to cause a bradykinin release 
syndrome in patients who are acidotic at the onset of HF 
or in children who require a ‘blood prime’ in the setting 
of one of these membranes.’ These membranes, in the 
face of interacting with an acidotic plasma environment, 
generate bradykinin, which may result in reactions from 
minor nausea to clinical anaphylaxis. In those patients 
who require blood priming, transfusing the post 
hemofilter with a generous administration of sodium 
bicarbonate, or using a priming mixture of 100 ml 
packed red blood cells, 100 mmol of sodium bicarbonate 
and 400 mg of calcium gluconate, makes this reaction 
virtually non-existent. 


Temperature Control 


Hypothermia can be a potential problem especially in 
infants, as the heat can be lost from the extracorporeal 
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circuit. However, with the advent of thermic controllers 
this has become less of a clinical problem. The Hot Line® 
is one such thermic controller comprised of a segment 
of intravenous tubing surrounded by a second tube that 
contains circulating water warmed to body temperature. 
The Hot Line® is added to the venous limb of the circuit 
(the volume of the Hot Line® is 17.5 ml, which 
increases the extracorporeal circuit volume), thus warm- 
ing the blood as it is returned to the patient. In the 
smaller child, CRRT using one of the thermic controllers 
will result in euthermia and may mask a fever, so the 
clinician must remain vigilant for a new or ongoing 
infection, even in the absence of fever. 


Nutrient and Electrolyte Losses 


Protein losses during high-volume CRRT are substan- 
tially lower than previously reported, and range between 
1.2 and 7.5 g per day.!° Amino acid losses represent a far 
greater loss of protein nitrogen, estimated to be between 
7 and 50 g per day.!? The critically ill patient is often 
severely catabolic, so when estimating adequate protein 
and energy intake, these losses should be considered. 
Vitamin losses have been reported in continuous 
hemofiltration, although a real depletion syndrome is 
not commonly observed.?? 

Continuous loss of phosphate amounting to about 
200-800 mg per day occurs with CRRT, especially in 
patients receiving parenteral nutrition. Severe phos- 
phate depletion impairs the energy supply and also 
increases the risk of bacterial and fungal infection. 
As these losses are difficult to manage, phosphate admin- 
istration is rapidly necessary and the blood phosphate 
concentration should be regularly assessed. 

Electrolytes such as sodium, potassium, and magne- 
sium are also lost in proportion to the serum concentra- 
tions, but these can be easily replaced. 


OUTCOME 


No prospective randomized controlled trials have 
been conducted to assess outcome in children with ARF 
after renal replacement therapy. In fact, few such stud- 
ies exist for adult patients. Ronco et al.2! conducted a 
prospective randomized study of the impact of different 
hemofiltration doses on patient survival. The results 
showed that critically ill patients who received CRRT with 
a lower clearance (20 ml/kg/h) had worse survival (41%) 
compared to those who received a higher clearance 
(5 ml/kg/h; survival 57%, p = 0.0007 versus 45 ml/kg/h; 
survival 58%, p = 0.0013). In addition, an increased 
APACHE II score, increased blood urea nitrogen (BUN) 
concentration at the start of CRRT, and the presence of 
sepsis were also significantly associated with mortality. 


As no single pediatric center cares for enough patients 
to make statistically valid conclusions, pediatric 
data,”!>?4 which solely represent single-center studies 
can only describe trends of practice and related outcome. 
Goldstein et al.! examined outcome in 21 critically ill 
pediatric patients who received CVVHD using the pedi- 
atric risk of mortality (PRISM) score to control for patient 
severity of illness.!> The mean patient weight, age, PRISM 
score at ICU admission and at CVVHD initiation, maxi- 
mum pressor number, estimated glomerular filtration rate 
at CVVHD initiation, and change in mean airway pressure 
did not differ between survivors and non-survivors. 
However, the degree of fluid overload at CVVHD initia- 
tion was significantly lower in survivors (16.4 + 13.8%) 
compared with non-survivors (34.0 + 21.0%, p = 0.03), 
even when the severity of illness was controlled by the 
PRISM score in a multiple regression analysis. These data 
suggest that, in some cases, earlier CRRT at lesser degrees 
of fluid overload may be beneficial to allow blood product 
and intravenous nutrition administration while preventing 
increasing fluid overload. 

Bunchman et al.’ retrospectively examined 226 children 
with ARF treated with renal replacement therapy 
(CHF, n = 106; HD, n = 61; and PD, n = 59), looking for 
predictors of outcome. The diagnoses in these groups 
varied from sepsis to inborn error of metabolism to intox- 
ications. The authors concluded that, of the clinical vari- 
ables reviewed (age, low blood pressure, diagnosis, CRRT 
modality and pressor use), increased pressor number was 
most strongly associated with worse survival. 

Currently, a multi-center prospective pediatric CRRT 
registry is collecting data regarding numerous clinical 
variables, including nutrition provision, CRRT modality, 
clearance prescriptions, and pre-CRRT fluid manage- 
ment, which could potentially effect survival in children 
receiving CRRT. In addition, the registry is assessing the 
effect of different anticoagulation methods on the CRRT 
circuit lifespan and initiating a study of CRRT clearance 
of cytokines in children. 
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INTRODUCTION 


Renal transplantation is accepted as the therapy of 
choice for children with end-stage renal disease CESRD). 
This is based upon the belief that successful transplanta- 
tion not only ameliorates uremic symptoms but also allows 
for significant improvement, and often correction of, 
delayed skeletal growth, sexual maturation, cognitive 
performance, and psychosocial functioning.2 The child 
with a functional allograft can lead a life of superior quality 
when compared with that achieved with available dialysis. 
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Success in pediatric renal transplantation remains a 
challenging undertaking. Children and adolescents are 
constantly growing, developing, and changing. Therefore, 
each developmental stage represents a series of medical, 
biological, and psychological challenges. Improvements in 
pediatric renal transplantation are attributed to contribu- 
tions of better age-appropriate clinical care, histocompat- 
ibility matching, and newer immunosuppressive therapy. 


EPIDEMIOLOGY OF END-STAGE RENAL 
DISEASE IN CHILDREN 


Incidence 


The incidence of ESRD in children aged less than 
19 years is 15 per million population per year [2002 
USRDS Annual Data Report]. The highest incidence of 
ESRD in children occurs between the ages of 15 and 
19 years, with adolescents comprising 47% of pediatric 
ESRD patients. The incidence is higher in blacks across 
all age groups, but is most prominent in the 15- to 
19-year-old age group (60 per million blacks versus 
20 per million whites). Boys have a higher incidence 
than girls in all age groups because of a higher incidence 
of congenital disorders. 


Etiology 


Primary glomerulonephritis is the largest single 
disease category causing ESRD in children (Table 36-1). 
The etiology of ESRD varies significantly with age. 
Congenital, hereditary, and cystic diseases cause ESRD in 
over 52% of children prior to the age of 6 years, whereas 
glomerulonephritis and focal segmental glomeruloscle- 
rosis account for 38% of cases of ESRD in patients aged 
10 to 19 years. 


Table 36-1 Incidence of Treated End-Stage Renal 
Disease in Pediatric Patients according 


to Primary Disease* 


Primary Renal Disease Incidence (%) 


Obstructive uropathy 16.2 
Aplastic/hypoplastic/dysplastic kidney 15.9 
Focal segmental glomerulosclerosis 11.4 
Reflux nephropathy 5.3 
Chronic glomerulonephritis (GN) 3.8 
Polycystic disease 2.8 
Medullary cystic disease 2.8 
Hemolytic uremic syndrome Poll 
Prune belly syndrome 2.6 
Congenital nephrotic syndrome 2.5 
Familial nephritis 2.4 
Cystinosis ed 
Membranoproliferative GN - type I 2.0 
Interstitial nephritis/pyelonephritis 2.0 
Idiopathic crescentic GN 1.9 
SLE nephritis 1.6 
Renal infarct 1.6 
Henoch-Schonlein nephritis 1.3 
IgA nephritis (Berger) 1.3 
Membranoproliferative GN - type II 0.9 
Oxalosis 0.6 
Wilms’ tumor 0.6 
Denys-Drash syndrome 0.6 
Wegener’s granulomatosis 0.6 
Membranous nephropathy 0.5 
Other systemic immunologic disease 0.4 
Sickle cell nephropathy 0.2 
Diabetic GN 0.1 
Other 7.6 
Unknown 5.6 


Data from NAPRTCS: Transplant patient characteristics, p. 21. Annual Report of the 
North American Pediatric Renal Transplant Cooperative Study (NAPRTCS), 2002. 


Access to Transplantation 


About 5% of kidney transplants performed in the 
United States are in children. The absolute numbers of 
pediatric kidney transplants has remained relatively 
constant. Between 1987 and 2001, a total of 7247 chil- 
dren received 7951 transplants [North American Pediatric 
Renal Transplant Cooperative Study CNAPRTCS) 2002 
annual report]. The mean age of transplant is 10.9 years; 
about 46% of pediatric recipients are aged over 12 years, 
34% are aged 6-12 years, 15% are aged between 2 and 
5 years, and only about 5% are aged less than 2 years. 
Among these recipients, 60% are male, 62% are white, 
16% are black, and 16% are Hispanic. 

Living donation (LD) now accounts for 55% of all 
pediatric kidneys transplanted. This trend results from a 
heightened awareness that transplantation is the best ther- 
apeutic option for children with ESRD, combined with 
increased waiting times for cadaver donor (CD) organs. 
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INDICATIONS FOR, AND TIMING 
OF, RENAL TRANSPLANTATION 


All children reaching ESRD are considered as candi- 
dates for renal transplantation. Indeed, renal trans- 
plantation should always be considered when renal 
replacement therapy is indicated. Dialysis may be 
required before transplantation in order to optimize nutri- 
tional and metabolic conditions, to achieve an appropri- 
ate size in small children, or to keep a patient stable until 
a suitable donor is available. Most centers try to achieve 
a recipient patient weight of at least 8-10 kg, as this 
minimizes the risk of vascular thrombosis and the child 
can accommodate an adult-sized kidney. This target 
weight of 10 kg may not be achieved until 12 to 24 months 
of age. 

Preemptive transplantation is transplantation without 
prior dialysis, and this accounts for 24% of pediatric 
renal transplants. Most kidneys for preemptive trans- 
plant recipients are from LD. Candidates for preemptive 
transplantation need careful pre-transplant psycho- 
logical assessment because there may be an increased 
tendency for non-adherence in this group of recipients. 
Nevertheless, there appears to be no impairment in 
graft outcome in pediatric recipients who have under- 
gone preemptive transplantation when compared 
with those who have dialysis before transplantation 
(Box 36-1). 


Box 36-1 Contraindications to 


Transplantation in Children 


ABSOLUTE 


¢ Human immunodeficiency virus (HIV) disease 
(may become a relative contraindication) 

e Active or untreated malignancy 

e Severe multi-organ failure 

e Chronic active infection with hepatitis B virus 

e Debilitating, irreversible brain injury 

e Current positive direct cross-match 


RELATIVE 


e ABO incompatibility with the donor 

Chronic infection with hepatitis C virus 

Active autoimmune disease (systemic lupus 
erythematosus or antiglomerular basement 
membrane (GBM) disease with high levels of 
anti-GBM antibodies) 

Severe psychomotor retardation or psychiatric illness 
that requires custodial care 

Serious long-standing non-compliance with medical 
management 

Lack of family support or adequate home supervision 
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THE ORGAN DONATION PROCESS 


Living Kidney Donation 


Living donors may be parents, aunts, uncles or grand- 
parents; living-unrelated donors may be step-parents, 
adoptive parents, or close family friends; altruistic donors 
are those who are strangers. Living donors undergo 
extensive evaluations that include a detailed history, 
physical examination, laboratory, and radiology evalua- 
tions, and a psychological evaluation. Donor kidney func- 
tion, cardiovascular and pulmonary status, and the 
potential for infectious disease are fully examined. Great 
care is taken during the evaluation to ensure that not 
only is the kidney suitable for the potential recipient, but 
also that there is low risk to the potential donor. During 
the donor’s psychological evaluation, the mental health 
of the donor, motivation for donation, elements of 
coercion and social supports are explored. The National 
Organ Transplant Act, passed by Congress in 1984, 
outlawed the sale of human organs. As a result, any 
exchange of money or gifts is strictly prohibited. 


Cadaveric Kidney Donation 


For many children, LD transplant is not an option, most 
often due to the lack of a compatible or medically accept- 
able donor. Occasionally, the patient’s disease is such that 
an unrelated kidney may be a better option in order to 
decrease the risk of recurrent disease following trans- 
plant. For these patients, the CD list is the best option. 

As of November 2002, there were 85,879 people in 
the United States awaiting a solid organ transplant. 
During the past 10 years this number has tripled. More 
than 50,000 of those patients are awaiting a kidney 
transplant; however, less than 3% are under the age of 
17 years. All patients awaiting a CD transplant are listed 
on a national transplant waiting list through the United 
Network for Organ Sharing (UNOS), a private, non-profit 
organization that maintains the organ transplant waiting 
list under contract with the Health Resources and 
Services Administration of the U.S. Department of Health 
and Human Services. UNOS oversees the 59 local organ 
procurement organizations (OPO) located in 11 feder- 
ally designated regions throughout the United States. 
The OPO provide the link between the patients awaiting 
transplant at the area transplant centers and the poten- 
tial organ donors at area hospitals. Organ procurement 
coordinators from area OPO are responsible for the 
identification of suitable donors, allocation, and the 
retrieval, preservation and transportation of organs for 
transplantation. They are also involved in data follow-up 
regarding CD. In addition, they engage in public educa- 
tion on the critical need for organ donation throughout 
their communities. 


The goal of local OPO is that all potential organ donors 
are referred to their organization, regardless of disease 
or organ function, prior to the withdrawal of support. 
Patients that have suffered cardiovascular death are suit- 
able only for tissue donation. Only the very small percent- 
age of patients that have sustained an irreversible and 
devastating neurological event may be suitable for donat- 
ing a kidney. A potential organ donor, in most cases, 
meets the criteria for brain death. A very small number of 
organ donors have suffered cardiovascular death prior to 
organ recovery; however, that topic is beyond the scope 
of this chapter. It is critical that brain-dead patients or 
those who are approaching brain death be referred to the 
local OPO prior to withdrawal of ventilator and cardio- 
vascular support in order to preserve optimal organ func- 
tion for transplantation, thereby ensuring the option of 
donation for families. In this way, the number of organs 
available for transplant is maximized. It is the responsibil- 
ity of the OPO to determine suitability for donation and 
approach families regarding the option of organ donation. 

Kidneys are allocated to candidates on the national 
waiting list through an intricate computer ‘point’ system 
that strives to distribute organs in as equitable manner 
possible. Organs are allocated according to the charac- 
teristics of each organ donor. Therefore, with every 
donor, a new list is created with a completely different 
order of potential candidates (Box 36-2). 


Box 36-2 Factors Influencing 


Kidney Allocation 


DONOR 


Blood type 

e Only patients who are blood type-compatible with 
the donor will ‘print out’ 

¢ Organs are first allocated to ABO identical recipients 

Human leukocyte antigen (HLA) 

¢ HLA match is taken into account to improve the 
survival of the graft 

Location of the procurement 

e Kidneys are given to recipients in the same local area 
as the donor to decrease the cold ischemia time, 
thereby improving graft function 


RECIPIENT 


Panel of reactive antibody (PRA) 

¢ The higher the PRA, the more likely the patient will 
have a positive cross-match 

e This indicates a very high likelihood of hyperacute 
reaction 

Waiting time 

e An unusual HLA type does not penalize candidates 
because length of time on the waiting list is heavily 
weighted 


Box 36-3 Pediatric Kidney Policy 
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Box 36-4 Prospective Donor Evaluation 


e Patients not transplanted within specified time goals 
receive added priority 

e Children aged under 5 years should receive an 

allograft in 6 months 

Children aged 6-10 years should receive an allograft 

in 12 months 

Children aged 11-17 years should receive an allograft 

in 18 months 

¢ Exceptions are O-antigen mismatch allocation and 
highly sensitized (>80% PRA) patients 


A pediatric kidney policy is ethically appropriate 
because young children and adolescents experience 
poor growth and have difficulties with dialysis access 
issues (Box 36-3). Rapid restoration of normal renal 
function is the best way of preventing long-term deficits. 
While kidneys are allocated through UNOS and the local 
OPO, the final decision to transplant a particular recipient 
is left to the transplant surgeon. In this way, the philoso- 
phy of the program is maintained and the suitability 
for individual recipients is taken into consideration. For 
example, a kidney that may be an O-antigen mismatch 
for a recipient may not be the best choice if the donor 
history, donor location or the current medical status of 
the donor is not optimal for the individual recipient. 


PRE-TRANSPLANT EVALUATION 


Evaluation of the Living Donor 


Almost half of all kidney transplants performed in 
children are from LD. The first LD for a child is most 
frequently a one-haplotype-matched parent. As a general 
rule, it is possible to consider an adult donor of almost 
any size for a child, no matter how young. LD from 
siblings is usually restricted to donors who have reached 
18 years of age. The extremely low mortality, as well as 
the fact that the long-term morbidity for donation is also 
small and the outcome of LD kidneys is superior to that 
of CD kidneys, has made LD acceptable in many differ- 
ent cultures. LD candidates with systemic disease such 
as diabetes or hypertension are excluded by an initial 
medical history (Box 36-4) 

Children needing a kidney transplant are affected by 
the limited number of cadaver donors. This has resulted 
in the LD pool being expanded to include donors 
outside of the immediate family, so that there has been 
an increase in the percentage of unrelated living kidney 
donors, from 2.5% in 1991 to 10.6% in 2000 (UNOS 2001 
Annual Report). Unrelated kidney donors are usually 


e ABO compatibility 

e Negative lymphocytotoxic cross-match with 
recipient sera 

e Histocompatibility matching 

e Psychosocial evaluation 

e Chest radiograph, KUB, and electrocardiogram 

e Urinalysis, urine culture, and two 24-hour collections 

for protein and creatinine measurement 

Hepatitis profile, CMV titer, EBV titer, and antibody 

for HIV 

Renal angiogram or computed tomography 

angiogram 

e A repeat cross-match is performed immediately 
before transplant 


emotionally related, such as an adoptive parent or a 
close friend of the family. The use of altruistic kidney 
donors is controversial. ! 


Evaluation of the Recipient 


The precise cause of ESRD should be established if 
possible, because of the possibility of post-transplantation 
recurrence. Surgical correction may be required for 
structural abnormalities. The preparation of recipients is 
shown in Box 36-5. 


MEDICAL, SURGICAL, AND PSYCHIATRIC 
ISSUES IN PEDIATRIC TRANSPLANT 
CANDIDATES 


Neurological Development 


Infants with onset of ESRD during the first year of life 
frequently have neurological abnormalities. These may 
include alterations in mental function, microcephaly, 
myoclonus, cerebellar ataxia, tremors, seizures, and hypo- 
tonia. Preemptive kidney transplantation or the institution 
of dialysis at the earliest sign of head-circumference 
growth rate reduction or developmental delay may 
ameliorate the problem. Successful transplantation in 
infants has been accompanied by an improvement in 
psychomotor development, with many regaining normal 
developmental milestones. 

It is often difficult to assess to what extent uremia 
contributes to cognitive delay and impairment in older 
children. Uremia has an adverse, but often-reversible 
effect on a child’s mental functioning, and it may cause 
psychological depression. Initiation of dialysis improves 
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Box 36-5 Standard Preparation of 
Pediatric Renal Transplant 


Candidates 


Complete history and physical examination 


¢ Height, weight, blood pressure 

¢ Blood transfusion and/or erythropoietin therapy 

e Previous transplantation (type of donor, HLA, 
induction therapy, rejection) 

e Dialysis (modality and history) 

e Urologic abnormalities 


Laboratory tests 


e Hematology (CBC, differential, platelets) 

* Coagulation (PT, PTT, bleeding time) 

e Chemistry (comprehensive metabolic panel, lipid 
profile, intact PTH) 

¢ Urine volume, culture, and urinalysis 


Blood bank (histocompatibility) 


ABO blood type 

ABO antibody specificities 

HLA type 

Preliminary and final cross match with potential 
donors 

Mixed lymphocyte culture (if available and applicable) 
Panel-reactive antibodies (PRA) for potential cadaver 
recipients 


Immunology/infectious disease - serologic status 

e CMV, EBV, herpes simplex virus, varicella (VZV), 
hepatitis A, B, and C virus 

¢ HIV, toxoplasma (if indicated clinically), polyoma 
virus (BK virus) 


Imaging studies 


e Chest X-radiography, bone age, VCUG 


Baseline health and functional status 


e Vision, dental health, purified protein derivative 
(PPD) (tuberculin testing), age-appropriate Pap smear 
and pregnancy test, audiometry, cardiovascular status 
(ECG, echocardiogram), urologic status 


Consultations: social worker, psychologist, nutritionist 


Immunization status 


e DPT/OPV, MMR, HIB, pneumococcal, Varivax®, 
influenza 


the uremic symptoms, making possible a more precise 
assessment of the child’s mental function. This may 
often permit progression to transplantation in situations 
in which this might otherwise have not seemed feasible. 
On the other hand, severely retarded children respond 
poorly to the constraints of ESRD care, and cannot 


comprehend the need for procedures that are often 
confusing and uncomfortable. This does not preclude 
ESRD care, but the family must be informed, involved 
and supported in any decision they take on whether or 
not to include chronic dialysis or transplantation. 

A seizure disorder requiring anticonvulsant medication 
may be present in up to 10% of young pediatric transplant 
candidates. Before transplantation, seizures should be 
controlled, whenever possible, with drugs that do not 
interfere with calcineurin inhibitors or prednisone metab- 
olism. Benzodiazepines are a good choice when circum- 
stances permit. Carbamazepine (Tegretol®) reduces 
calcineurin inhibitor and prednisone levels, but its effect 
is not as great as that of phenytoin or barbiturates. 


Psycho-Emotional Status 


Psychiatric and emotional disorders are not by them- 
selves contraindications to dialysis and transplantation. 
However, the involvement of healthcare professionals 
skilled in the care of affected children is mandatory. 
Primary psychiatric problems - including depression - 
may be amenable to therapy and should not exclude 
children from consideration for transplantation. Non- 
adherence is a problem in adolescent transplant recipi- 
ents. Patterns of medication and dialysis compliance 
should be established as part of the transplant evalua- 
tion. Psychiatric evaluation should be performed in high- 
risk cases. If non-adherence is identified or anticipated, 
behavioral modification and other programs should be 
instituted prior to transplantation. 


Cardiovascular Disease 


Hypertension and chronic fluid overload during dialysis 
may predispose to left ventricular hypertrophy, and hyper- 
tensive cardiomyopathy and congestive heart failure may 
supervene. Hypertension control in children with ESRD 
cannot be overemphasized, and may reduce long-term 
morbidity and mortality. Bilateral nephrectomy is occa- 
sionally required during the pre- or post-transplant period. 


Infection 


Urinary tract infections and infections related to dial- 
ysis access are common sources of bacterial infections in 
children with ESRD. Aggressive antibiotic therapy and 
prophylaxis may effectively suppress infection, although 
nephrectomy is occasionally required for recalcitrant 
infections with obstructive uropathy and vesicoureteral 
reflux. 

The incidence of cytomegalovirus (CMV) and Epstein- 
Barr virus (EBV) infection increases with age. Young 
children are unlikely to be seropositive for CMV or EBV. 


Primary EBV infection, in the context of potent immuno- 
suppression, may predispose to an aggressive type 
of post-transplantation lymphoproliferative disorder 
(PTLD). 

Immunizations should be brought up to date if possi- 
ble. Live viral vaccines are contraindicated in immuno- 
suppressed patients; therefore, every effort should be 
made to complete these vaccinations, including varicella 
vaccination, before transplantation. Diphtheria, tetanus, 
and hepatitis B vaccine can be given safely after trans- 
plantation, although pre-transplantation administration 
is preferred. Influenza and pneumococcal vaccines are 
recommended. 


Urologic Problems 


Children with structural abnormalities often require 
multiple corrective procedures to improve urinary tract 
anatomy, and this is best done before transplantation. 
Procedures include ureteric reimplantation, bladder 
augmentation, creation of a vesicocutaneous fistula 
using the appendix to provide a simple and cosmeti- 
cally acceptable way for intermittent catheterization 
(Mitrofanoff procedure), and the excision of duplicated 
systems or ectopic ureteroceles that may cause recur- 
rent infections. Intractable urinary infection, in the pres- 
ence of hydronephrosis or severe reflux, may require 
nephrectomy before transplantation. An abnormal lower 
urinary tract is not a contraindication to transplantation. 
Bladders that are dysfunctional because of a previous 
urinary diversion can be hydrodilated and assessed for 
adequacy for use after transplantation. Malformations and 
voiding abnormalities such as neurogenic bladder, blad- 
der dyssynergia, remnant posterior urethral valves, and 
urethral strictures should be identified and repaired, 
and it may be possible to teach self-catheterization safely 
and successfully. 
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peritoneal dialysis. Potential transplant recipients with 
an episode of acute peritonitis should be treated for 
10-14 days and have a negative peritoneal fluid culture 
off antibiotic treatment before contemplating transplan- 
tation. If a chronic exit-site infection is present at the 
time of surgery, the catheter should be removed and 
appropriate parenteral antibiotics administered. Overt 
tunnel infections should be treated before transplanta- 
tion. The incidence of post-transplantation peritoneal 
dialysis-related infections is low, and such infections 
typically respond to appropriate antibiotic therapy, 
although catheter removal may be necessary for recur- 
rent infections. In the absence of infections, the peri- 
toneal catheter is usually removed at the time of 
transplantation in cases of living related transplantation. 
On the other hand, it may be left in place until good graft 
function has been established for 2-3 weeks, particularly 
in cases of cadaveric transplantation. 


Nephrotic Syndrome 


In children with glomerular diseases, proteinuria 
usually diminishes as kidney function deteriorates and 
ESRD ensues. Occasionally, a florid nephrotic syndrome 
may persist, particularly with focal glomerulosclerosis. 
Control of heavy proteinuria prior to transplantation 
is important, and can sometimes be achieved with 
prostaglandin inhibitors such as meclofenamate; renal 
embolization or bilateral nephrectomy may be required. 
In congenital nephrotic syndrome of the Finnish 
type, unilateral or bilateral nephrectomy is usually 
performed early in the course of the disease to allow 
for better growth while on dialysis. Congenital nephrotic 
syndrome due to diffuse mesangial sclerosis with 
Denys-Drash syndrome usually requires bilateral nephrec- 
tomy as part of the treatment or prevention of Wilms’ 
tumor. 


Renal Osteodystrophy 


Aggressive diagnosis and treatment of hyperpara- 
thyroidism, osteomalacia, and aluminum bone disease 
are important during the pre-transplantation period. 
Control of hyperparathyroidism with vitamin D analogues 
(or even parathyroidectomy) may be required, because 
failure to do so may predispose to post-transplantation 
hypercalcemia, hypophosphatemia and also limit the 
growth potential of a successful transplant recipient. 


Peritoneal Dialysis 


The extra-peritoneal placement of the allograft may 
allow for continued peritoneal dialysis after transplantation 
in the event of delayed graft function. Intra-peritoneal 
graft placement is not an absolute contraindication to 


Portal Hypertension 


Portal hypertension occurs in children with auto- 
somal recessive polycystic kidney disease (ARPKD). 
Esophageal varices require sclerotherapy or portosys- 
temic shunting. If severe neutropenia and thrombo- 
cytopenia are present as a result of hypersplenism, then 
partial splenectomy or splenic embolization may be 
required. 


Prior Malignancy 


Wilms’ tumor is the main malignancy that produces 
ESRD in children because of bilateral nephrectomies. 
A disease-free period of 1-2 years is required before 
transplantation, because earlier transplantation has 
been associated with the development of recurrent or 
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metastases in almost half of the cases. Premature trans- 
plantation in this setting has also been associated with 
overwhelming sepsis, which may be related to chemother- 
apy. The presence of a primary non-renal malignancy is 
not an absolute contraindication to transplantation, 
although an ‘appropriate’ waiting time is needed between 
tumor extirpation and transplantation. 


Nutrition 


Poor feeding and malnutrition are prominent features 
of uremia. Aggressive nutritional support is essential. 


Nasogastric or gastric tube feeding is often used to improve 
caloric intake and promote growth. A target weight of 
8-10 kg should be reached, because of technical difficul- 
ties, before transplantation. 


REFERENCES 
1. Kaplan BS, Polise K. In defense of altruistic kidney donation 
by strangers Pediatr Nephrol 2000;14:518-522. 


2. Salvatierra O, Tanney D, Mak R, et al. Pediatric renal trans- 
plantation and its changes. Transplant Rev 1997;11:51-69. 


Recurrence of the Primary Disease 


and De-novo Disease 
Glomerular Diseases 
Focal Segmental Glomerulosclerosis (FSGS) 
Membranoproliferative Glomerulonephritis (MPGN) 
IgA Nephropathy (IgA N) and Henoch-Schoénlein 
Purpura CHSP) 
Anti-Glomerular Basement Membrane (GBM) Disease 
Membranous Nephropathy (MN) 
Alport Syndrome 
Hemolytic Uremic Syndrome (HUS) 
Congenital Nephrotic Syndrome, Finnish Type (CNF) 
Other Glomerular Diseases 
Metabolic Diseases 
Primary Hyperoxaluria Type I 
Nephropathic Cystinosis 
Growth after Transplantation 
Age at Transplantation 
Corticosteroid Dose 
Growth Hormone 
Infections 
Cytomegalovirus (CMV) 
Varicella 
Epstein-Barr virus (EBV) 
Herpes Simplex Virus 
Hypertension 
Hyperlipidemia 
Malignancy and PTLD 


RECURRENCE OF THE PRIMARY DISEASE 
AND DE-NOVO DISEASE 


Recurrent or de-novo disease accounts for 5% of graft 
loss of primary transplants and for 10% of repeat trans- 
plants in pediatrics. With improving outcomes and 
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decreasing incidence of irreversible rejection, the recur- 
rence of disease in the allograft takes on greater signifi- 
cance. Although glomerular and metabolic diseases can 
recur, most recurrences are due to glomerular diseases. 


Glomerular Diseases 


Focal Segmental Glomerulosclerosis (FSGS) 

FSGS is the most common cause of graft loss from 
recurrent disease. It recurs in 50-80% of patients, with 
graft failure occurring in about half of them. FSGS may 
recur either immediately, or months later. Recurrence 
is usually characterized by massive proteinuria, and 
nephrotic syndrome. Factors that predict a recurrence of 
FSGS are rapid progression to end-stage renal failure 
within 3 years, poor response to therapy, mesangial prolif- 
eration, and onset under the age of 6 years. Although the 
incidence and severity of FSGS is higher in blacks, as chil- 
dren they have a lower risk of post-transplant recurrence. 
Recurrence post-transplant is rare in inherited cases of 
FSGS. The concentration of serum protein permeability 
factor(s) isolated from patients with FSGS correlates with 
the recurrence and severity of disease in the transplanted 
kidney. Early post-transplant recognition of recurrent 
FSGS is important, because plasmapheresis may decrease 
serum levels of the protein permeability factor(s) and signif- 
icantly reduce graft loss. High doses of cyclosporine A 
(CsA) and in some cases, cyclophosphamide, may induce 
remission of the nephrotic syndrome. Angiotensin- 
converting enzyme (ACE) inhibitors and/or receptor 
blockers are given for their antiproteinuric and anti- 
fibrotic benefits. The potential for recurrence of FSGS is 
not generally regarded as a contraindication to living 
donor (LD) transplantation, although if a primary trans- 
plant has been lost to rapid recurrence, the use of a LD for 
repeat transplantation is not recommended. 
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Membranoproliferative Glomerulonephritis 

(MPGN) 

There are no clinical features that may predict the risk 
of a recurrence of MPGN in an allograft. Histological 
evidence of recurrence of MPGN type 1 is found in up to 
75% of cases, and graft loss occurs in up to 30% of cases. 
Histological recurrence of MPGN type II is seen in 85% 
of recipients, but most do not cause graft dysfunction or 
loss. Serum complement concentrations do not correlate 
with recurrences. Plasmapheresis and high doses of corti- 
costeroids may be beneficial in some cases of crescentic 
MPGN type IL. 


IgA Nephropathy (IgA N) and Henoch-Schénlein 

Purpura (HSP) 

Histological recurrence of mesangial IgA deposits 
occurs in 45% of patients with IgA N nephropathy and 25% 
of patients with HSP. Most patients are asymptomatic, but 
graft loss may occur. 


Anti-Glomerular Basement Membrane 

(GBM) Disease 

Anti-GBM disease is rare in children. Circulating anti- 
GBM antibodies prior to transplantation are thought to be 
associated with a risk of recurrence. Therefore, before 
transplantation is performed, there must be a waiting 
period of 6-12 months, and titers of anti-GM antibodies 
must be undetectable. Histological recurrence occurs in 
50% of cases, with clinical manifestations of nephritis in 
25% of these. Spontaneous resolution may occur, and 
graft loss is uncommon. 


Membranous Nephropathy (MN) 

Recurrence of MN is rare in children. De-novo MN 
occurs in fewer than 10% of transplanted children. This 
usually presents between 4 months and 6 years after trans- 
plant, whereas recurrent MN usually manifests within 
2 years. The recurrence rate of MN is 29% at 3 years post- 
transplantation, and graft loss is 52% at 10 years. 


Alport Syndrome 

Alport syndrome does not recur after transplantation. 
Most patients develop anti-anti-GBM antibodies, but 
fewer than 5% have clinical glomerulonephritis. This 
usually occurs in hemizygous males because of a complete 
absence of the non-collagenous domain of the 3 chain of 
type IV collagen in the GBM. However, this may also occur 
rarely in heterozygous females with Alport syndrome. Anti- 
GBM glomerulonephritis is a rapidly progressive crescen- 
tic glomerulonephritis with linear deposits of IgG along 
the basement membrane. This often leads to graft loss. 


Hemolytic Uremic Syndrome (HUS) 
HUS associated with diarrhea (Stx-HUS, D+ HUS) does 
not recur after transplantation. Recurrent HUS occurs in 


half of the patients with atypical and/inherited types of 
the syndrome. Factors that may favor a recurrence are 
transplantation within 6-12 months of the acute 
episode, and the use of a LD. The use of CsA, tacrolimus, 
or antithymocyte globulin is also associated with recur- 
rent episodes. A renal biopsy should be performed as 
soon as possible to confirm the diagnosis. It is important 
to initiate plasmapheresis and to discontinue the 
calcineurin inhibitor. 


Congenital Nephrotic Syndrome, 

Finnish Type (CNF) 

The outcome of CNF is optimized by bilateral 
nephrectomy, followed by dialysis and transplant. 
De-novo nephrotic syndrome occurs in 24% of cases, 
and is associated with anti-nephrin autoantibodies. The 
recurrence may be immediate, or up to 3 years after 
transplant. There is no specific treatment, despite the 
finding of histological lesions resembling minimal- 
change disease. Graft loss occurs in 60% of cases. In addi- 
tion, vascular thrombosis and death with a functioning 
graft (mostly due to infectious complications) occur in 
26% and 23% of cases, respectively, and account for 
higher rates of graft failure in patients with CNF. 


Other Glomerular Diseases 
Recurrence of lupus nephritis and Wegener’s granu- 
lomatosis is uncommon. 


Metabolic Diseases 


Primary Hyperoxaluria Type I 

Type I primary hyperoxaluria results from a deficiency 
of the hepatic enzyme alanine:glyoxylate aminotrans- 
ferase, and this results in the deposition of oxalate in all 
body tissues, including the kidneys. Renal transplantation 
does not correct the enzyme deficiency, and therefore 
graft loss is inevitable. However, a combined liver and 
kidney transplantation leads to higher success rates. 


Nephropathic Cystinosis 

Cystinosis is an inherited metabolic disease character- 
ized by intracellular accumulation of free cystine in 
many organs, including the kidneys. Renal transplanta- 
tion gives comparable results to those in children with 
other renal diseases. Cystinosis does not recur, although 
cystine, from the host macrophages, may accumulate in 
the renal interstitium. 


GROWTH AFTER TRANSPLANTATION 


Growth failure is common in children with chronic 
renal insufficiency. Achieving adequate growth is a chal- 
lenge because diminished growth rates may develop 


when the glomerular filtration rate (GFR) decreases 
below 75 ml/min/1.73 m2. The severity of growth retar- 
dation is directly related to the age of onset of renal 
failure, and correlates with the presence of renal 
osteodystrophy, metabolic acidosis, electrolyte distur- 
bances, anemia, protein and calorie malnutrition, 
delayed sexual maturation, and accumulation of uremic 
toxins. 

A successful renal transplant is the best treatment for 
infants, children, and adolescents with end-stage renal 
disease (ESRD).° One measurement of the long-term 
success of the procedure is the attainment of targeted 
(genetic potential) adult height. Unfortunately, growth 
retardation may persist despite successful transplan- 
tation, and therefore growth retardation continues to be 
a major concern for both patients and families after 
transplantation. 

Multiple factors have been implicated for the failure 
to achieve normal or accelerated growth following renal 
transplantation; perturbations of the growth hormone 
(GH)/insulin-like growth factor (GF) axis resulting from 
corticosteroid therapy and/or suboptimal allograft func- 
tion play a pivotal role. 


Age at Transplantation 


The finding that the youngest children benefit the 
most in linear growth from early transplantation 
provides a strong argument for expedited transplanta- 
tion in an attempt to optimize the attainment of normal 
stature. In addition, earlier transplantation allows less 
time for ongoing growth failure while on dialysis. 


Corticosteroid Dose 


Corticosteroids can inhibit GH release, reduce IGF 
activity, directly impair cartilage growth, decrease 
calcium absorption, or increase renal phosphate wast- 
ing. Strategies to reduce the impact of corticosteroid 
therapy on growth are to use lower daily doses, to 
switch to an alternate-day regimen, and to attempt to 
stop corticosteroid treatment. 

By 5 years after transplantation, alternate-day corti- 
costeroids is the regimen used in 32% of patients. This 
improves linear growth significantly, without increased 
rates of rejection or graft loss. Conversion to alternate- 
day dosing is for selected, stable patients who are 
compliant. In tacrolimus-based immunosuppressive regi- 
mens, the withdrawal of steroids has been successfully 
performed in more than 70% of patients, usually by 
5 months after transplantation. The effect of this 
approach on growth has been remarkable, with improve- 
ment in the SDs at 2 years after transplantation in chil- 
dren aged less than 13 years of 3.62 SD in the withdrawn 
group compared with 1.48 SD in the control group. 
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The rates of acute rejection in the withdrawn group, 
however, were high, and this could adversely affect 
growth by virtue of a decline in graft function and the 
need for high-dose corticosteroids to treat rejection. 


Growth Hormone 


Use of recombinant GH (rhGH) in growth-retarded 
pediatric renal-allograft recipients results in impressive 
improvements in growth, without any increase in allo- 
genic immune responsiveness.’ rhGH therapy is usually 
started in prepubertal children at least 1 year after trans- 
plantation, and continued until catch-up growth is 
achieved or until puberty ensues. 


INFECTIONS 


Infections account for most of the complications after 
transplant, are the main cause of morbidity and mortal- 
ity, and account for 34% of all post-transplant deaths. 
Immunosuppression renders the recipient susceptible to 
numerous viral and bacterial infections. Pneumonia and 
urinary tract infections are the most common post- 
transplantation bacterial infections. Urinary tract infec- 
tions due to Staphylococcus aureus or Escherichia coli 
may be seen in as many as 50% of patients during the 
first 3 months, and at times can progress rapidly to 
urosepsis and may be confused with acute rejection. 
Trimethoprim-sulfamethoxazole (TMP/SMZ) chemopro- 
phylaxis for Pneumocystis carinii should be provided 
for all patients, and may be continued up to 1 year in 
patients whose original disease was urologic in origin. 
Pneumocystis carinii pneumonia (PCP) occurs in about 
3% of renal allograft recipients. The clinical features of a 
diffuse pneumonia are dyspnea and hypoxemia. The risk 
is highest during the first month, and if diagnosed 
quickly can be treated effectively; however, delay can be 
fatal, and therefore prophylaxis is standard. 

Most centers prescribe an intravenous cephalosporin 
for the first 48 hours after transplantation to reduce 
infection from graft contamination and via the transplant 
incision. Nightly TMP/SMZ for the first 3 to 6 months 
after transplantation serves as prophylaxis against 
Pneumocystis carinii pneumonia and urinary tract 
infections. Prophylactic oral nystatin (Mycostatin®) 
minimizes oral and gastrointestinal fungal infections. 
Splenectomized patients must be given pneumococcal 
vaccine and postoperative prophylaxis for Gram-positive 
and Gram-negative organisms. 

Many young children have not been exposed to 
herpetic viruses (cytomegalovirus, herpes virus, varicella 
zoster, and Epstein-Barr virus), and because they lack 
protective immunity, they are at increased risk for seri- 
ous primary infections. The incidence of these infections 
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is higher in children treated with antibody induction 
therapy and after treatment of acute rejection. 


Cytomegalovirus (CMV) 


This is an important infection in transplant recipients. 
The incidence of CMV seropositivity is about 30% in 
children aged over 5 years, and increases to about 60% 
in teenagers. Therefore, the younger the child, the 
greater is the potential for serious infection with a CMV- 
seropositive donor kidney. CMV infection may be 
asymptomatic, or it may present with fever, a mono- 
nucleosis-like syndrome, leucopenia, thrombocytopenia, 
pneumonitis, hepatitis, enteric ulceration, chorioretini- 
tis, and allograft dysfunction. Evaluation for CMV infec- 
tion may be made with an antigenemia assay, by rapid 
viral isolation, or with a polymerase chain reaction 
(PCR). A new CMV detection assay, hybrid capture, 
involves the specific hybridization of a CMV-specific 
probe to CMV nucleic acid sequences inside white blood 
cells. This technique appears to be as sensitive as the 
CMV culture, but has a much shorter turn-around time 
(<24 hours). Various strategies have been proposed 
to prevent CMV disease or minimize its impact. CMV 
hyperimmune globulin, high-dose standard immune 
globulin, oral acyclovir, and high-dose oral ganciclovir 
are valuable therapeutic options.! Reduction of immuno- 
suppression is an important adjunct to antiviral therapy. 
Paradoxically, CMV may contribute to allograft immuno- 
genicity and is associated with both acute and chronic 
rejection. It has been suggested that seronegative chil- 
dren receive only kidneys from seronegative donors; 
however, given the frequency of seropositivity in the 
adult population, this restriction would penalize 
seronegative children by prolonging the wait for a trans- 
plant at a critical growing period. 


Varicella 


This is a constant concern because exposure in the 
pediatric age range is extremely high. Varicella zoster 
infection in older pediatric transplant recipients is local- 
ized along a dermatomal distribution. In younger chil- 
dren, primary varicella infection (chickenpox) can result 
in a rapidly progressive and overwhelming infection, 
with encephalitis, pneumonitis, hepatic failure, pancre- 
atitis, and disseminated intravascular coagulation. It is 
important to know the varicella zoster antibody status of 
the child, because seronegative children require prophy- 
lactic varicella zoster immune globulin (VZIG) within 
72 hours of accidental exposure. VZIG favorably modi- 
fies the disease in 75% of cases. Administration of vari- 
cella vaccine before transplantation is recommended for 
seronegative patients. The safety and efficacy of varicella 
vaccine after transplantation are unknown. A child with 


a kidney transplant who develops chickenpox must be 
given parenteral acyclovir without delay. Varicella zoster 
infection poses less danger of dissemination, but 
acyclovir should be given. In both situations, it is wise to 
discontinue azathioprine or mycophenolate mofetil 
(MMF) until 2 days after the last new crop of vesicles has 
dried. The doses of other immunosuppressive agents 
will depend on the clinical situation and response to 
therapy. 


Epstein-Barr Virus (EBV) 


EBV infection is problematic in a seronegative patient 
who receives an organ from a seropositive donor. 
Approximately half of children are seronegative for EBV, 
and infection will occur in about 75% of these patients. 
Most EBV infections are clinically silent; however, there 
may be an infectious mononucleosis syndrome, hepati- 
tis, and post-transplant lymphoproliferative disease 
(PTLD). Surveillance for EBV infection is most expedi- 
tiously performed with PCR. PTLD in children, as in 
adults, may be related to EBV infection in the presence 
of vigorous immunosuppression. Some transplant 
centers adjust the level of immunosuppression based on 
the degree of EBV expression as detected and quantified 
by PCR. 


Herpes Simplex Virus 


Typical perioral herpetic ulcerations are common 
in immunosuppressed children, and usually respond to 
oral acyclovir therapy. Disseminated herpes infection 
is rare. 


HYPERTENSION 


Hypertension is common immediately after renal 
transplantation, and at 1 month after transplantation 
70% of patients require antihypertensive medication; 
however, the incidence decreases to 59% at 24 months.” 
The causes and pathogenesis of post-transplant hyper- 
tension are multifactorial and primarily related to the 
side effects of corticosteroid and calcineurin inhibitor 
therapy (Box 37-1). Corticosteroid-induced hyperten- 
sion occurs through multiple mechanisms, including salt 
and water retention, often with a significant reduction 
in blood pressure in patients in whom total steroid with- 
drawal is possible. The blood pressure rises again if 
corticosteroid therapy has to be restarted in the same 
patients. Calcineurin inhibitors may cause hypertension 
by inhibiting prostaglandin production and increasing 
the production of thromboxane. Calcium-channel 
blockers, such as nifedipine, counteract the intrarenal 
vasoconstriction associated with calcineurin inhibitors.’ 


Box 37-1 Causes of Hypertension after 


Renal Transplantation 


¢ Hypertension prior to the transplant 

e Corticosteroids 

e Calcineurin inhibitors 

e Acute and chronic rejection 

e Renal artery stenosis 

e High renin output from native kidneys 

¢ De-novo or recurrent disease in the allograft 
e Urinary tract obstruction 


ACE inhibitors are an attractive alternative for the treat- 
ment of hypertension. The ‘renoprotective’ effect of ACE 
inhibitors is attributed to a reduction in intraglomerular 
pressure. In addition, they may inhibit the activation of 
transforming growth factor-B (TGF-B), one of the growth 
factors involved in the pathogenesis of chronic allograft 
fibrosis. Clonidine, delivered via a transdermal patch, is 
valuable in non-compliant adolescents. 


HYPERLIPIDEMIA 


Lipid abnormalities frequently occur after transplan- 
tation, despite normal allograft function. At 1 year after 
transplant, pediatric patients have significantly elevated 
levels of plasma cholesterol and VLDL cholesterol 
compared to normal controls; however, the elevated 
cholesterol levels (mean 213 mg/dl were not high 
enough to require lipid-lowering agents (NAPRTCS). 
Corticosteroids, calcineurin inhibitors and sirolimus may 
induce hyperlipidemia. Patients should be screened at 
least once during the first 6 months, and again at 1 year 
after transplantation, with fasting total cholesterol, LDL, 
HDL, and triglyceride measurements. Long-term studies 
of hyperlipidemia and its treatment in children are needed 
to provide evidence for recommendations. Although no 
prospective clinical studies to date have shown that 
lipid-lowering therapy improves long-term outcomes, 
this lack of clinical data should not be used as justifica- 
tion to neglect the importance of hyperlipidemia. 
Dietary measures should be implemented and, if insuffi- 
cient, statins can be added. There are, however, insuffi- 
cient data to make firm recommendations for the use of 
pharmacologic measures in children. However, in chil- 
dren with serum cholesterol levels above 250 mg/dl, 
3-hydroxy-3-methylglutaryl CHMG)-Coenzyme A reduc- 
tase inhibitors are generally effective and safe. 
Corticosteroid withdrawal after transplantation signifi- 
cantly reduces serum cholesterol and LDL cholesterol 
levels, but may also reduce HDL cholesterol. 
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MALIGNANCY AND PTLD 


An increased incidence of cancer is a well-recognized 
complication of organ transplantation in children. These 
tumors likely are the result of a complex interplay of 
numerous factors. These include the immunocompro- 
mised state per se, immunosuppressive agents, oncogenic 
viruses, and possible synergistic effects of immunosup- 
pressive agents with carcinogens such as sunlight, viruses, 
infections, and hormonal factors. Sufficient experience 
has been gained to analyze separately those tumors that 
occur in patients who received organ transplants during 
childhood. The pattern of malignancies in pediatric trans- 
plant recipients differs significantly from that in adult 
renal allograft recipients and the general population. 
According to the Cincinnati Transplant Tumor Registry, 
PTLD is the most common neoplasm in pediatric trans- 
plant recipients. This occurs on average about 36 months 
after transplantation. Skin carcinomas (squamous cell and 
basal cell carcinomas) are the second most common 
malignancy. 

The incidence of PTLD is higher after heart, lung, 
liver, and intestinal transplantation. The number of 
published reports seems to be increasing, perhaps as a 
result of new immunosuppressive agents. Treatment 
with antilymphocyte antibodies may increase the risk of 
developing PTLD. After the introduction of CsA there 
was a high incidence of PTLD, but this markedly 
decreased after CsA levels were monitored, permitting 
the use of smaller doses. Suppression of natural cyto- 
toxic T-cell activity may be the cause of an uncontrolled 
EBV-driven proliferation of B-cells. The clinical presenta- 
tion of PTLD is heterogeneous, but most cases can be 
divided into several syndromes (see Box 37-2). Pediatric 
transplant recipients are at increased risk for 
lymphotropic virus-associated disorders. Primary infec- 
tion with EBV increases the risk of PTLD, so determina- 
tion of pre-transplant antibody status in recipients, rapid 
detection of EBV infection in seronegative symptomatic 
recipients, and regular screening for persistent EBV DNA 
viral load in patients at risk for developing PTLD are 
recommended; measurement of viral load appears to be 
of little value in predicting PTLD.4 

The treatment of PTLD depends on the extent of 
involvement. The mainstay of management of PTLD is 
the drastic reduction or cessation of immunosuppressive 
treatment to allow recovery of the recipient’s cytotoxic 
T-cell-directed EBV surveillance mechanism. It is advis- 
able to withdraw azathioprine or MMF, and to reduce 
prednisolone to about 10 mg per day. CsA or tacrolimus 
are reduced in a step-wise fashion by about one-fifth 
every 2 weeks, and it is common to stop the reduction 
when approximately 30% of the initial dose is reached. 
Of interest, in many of these cases, the graft is not 
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rejected despite the significant lowering or discontinua- 
tion of immunosuppressive medications. Antiviral drug 
therapy has at present only been shown to be of limited 
therapeutic benefit. However, intravenous ganciclovir 
given during antilymphocyte therapy and followed by 
3 months of high-dose oral acyclovir may decrease the 
occurrence of PTLD, especially in EBV-seronegative 
patients (Box 37-2). 
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Box 37-2 Clinical Presentations of PTLD 


ACUTE INFECTIOUS MONONUCLEOSIS-LIKE DISEASE 


e Marked constitutional symptoms, rapid enlargement 
of tonsils and cervical nodes 
e Typical pattern in the first year after transplantation 


A FULMINANT PRESENTATION 


e Within weeks of transplantation 
¢ Widespread infiltrative disease with multi-organ 
involvement, grave prognosis 


CENTRAL NERVOUS SYSTEM PTLD 
¢ Often devastating, and rapidly fatal 


ISOLATED OR MULTIPLE TUMORS 


e Multiple tumors often involve the allograft 

e May be mistaken for rejection 

e Usually an indolent disease with visceral, nodal, and 
extra-nodal tumors 

e Gastrointestinal involvement and pulmonary nodules 
are relatively frequent 


N 
O OL NL 


A Y a 


Perioperative Management 
Preparation for Transplantation 
Intraoperative Management 
Postoperative Management 
Immunosuppressive Drugs and Protocols 
Maintenance Immunosuppression 
Calcineurin Inhibitors 
Adjunctive Immunosuppressive Agents 
Biological Immunosuppressive Agents 
Newer Immunosuppressives 
Renal Allograft Rejection 
Acute Rejection 
Hyperacute Rejection 
Acute Cellular Rejection 
Chronic Rejection (Chronic Allograft 
Nephropathy) 
Graft Survival 
Prognostic Factors Influencing Graft Survival 
Donor Source 
Recipient Age 
Donor Age 
Race 
Tissue Type 
Pre-sensitization 
Immunologic Factors 
Technical Factors and Delayed Graft 
Function (DGF) 
Antibody Induction 
Transplant Center Volume Effect 
Cohort Year 
Non-Adherence in Pediatric Transplantation 
Long-Term Outcome 
Morbidity 
Mortality 
Rehabilitation and Quality of Life 


Management of 
the Pediatric Renal 
Transplant Recipient 


H. JORGE BALUARTE, M.D., 
JO-ANN PALMER, C.R.N.P., AND 
JULIE PETRO MONGIELLO, C.R.N.P. 


PERIOPERATIVE MANAGEMENT 


Preparation for Transplantation 


Recipients are admitted within 24 hours of transplan- 
tation. A final cross-match is performed within 48 hours 
of the transplantation date. A detailed history and physi- 
cal examination are performed to identify any risk 
factors, especially the presence of active or recent infec- 
tion. A set of laboratory tests is obtained to detect any 
metabolic abnormalities that require correction by 
dialysis. Aggressive fluid removal is discouraged in the 
immediate preoperative period to reduce the risk of 
delayed graft function (DGF). Plasmapheresis is carried 
out when recurrent FSGS is anticipated. Living donor 
(LD) transplantation permits commencement of an 
immune-conditioning regimen with mycophenolate 
mofetil (MMF) and prednisone for 3-7 days before the 
transplantation date. Immediate preoperative immuno- 
suppressive therapy with basiliximab (Simulect®) or 
Daclizumab (Zenapax®) by intravenous infusion is 
common practice in some transplant centers for 
cadaveric donor (CD) transplant recipients. Preoperative 
immunotherapy was employed in 54% of LD transplants 
(2002 NAPRTCS annual report). 


Intraoperative Management 


Immunosuppression is continued intraoperatively 
with methylprednisolone (Solu-Medrol®), with 10 mg/kg 
given intravenously at the beginning of the operation. 
At the Children’s Hospital of Philadelphia, induction 
therapy with a polyclonal antibody (Thymoglobulin®) 
is given through a central catheter intraoperatively. 
A central venous catheter is inserted to monitor the 
central venous pressure (CVP) throughout the operation. 
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Close attention is paid to blood pressure and hydration 
status to reduce the incidence of DGF. Hydration should 
be optimized to achieve adequate renal perfusion. A CVP 
of 12-15 cmH;0 should be achieved before removal of 
the vascular clamps, but a higher CVP is desirable in 
the case of a small infant receiving an adult-sized kidney. 
Additionally, the mean arterial blood pressure is kept 
above 65-70 mmHg by adequate hydration with a crys- 
talloid solution or 5% albumin, and if necessary, the use of 
dopamine. Dopamine is usually started at 2-3 ug/kg/min 
and increased as required; it is then continued for 
24-48 hours postoperatively to assure adequate renal 
perfusion. Blood transfusion with packed red blood 
cells is often required in very small recipients because 
the hemoglobin may decrease as a result of seques- 
tration of about 150-250 ml of blood in the transplanted 
kidney. Mannitol and furosemide are given before 
removal of the vascular clamps in order to increase 
the effective circulatory volume and facilitate diuresis. 
After the transplanted kidney starts to produce urine, 
volume replacement should be commenced immediately 
with 0.45% saline solution and 22 mEq/l of sodium 
bicarbonate. 


Postoperative Management! 


Urine output replacement with 0.45% saline solution 
and 22 mEq/l of sodium bicarbonate is started in the 
recovery room and continued in the intensive care 
unit for 24-48 hours, in addition to replacement of 
insensible water losses. Dextrose is not added to the 
replacement solution to prevent osmotic diuresis, and is 
only used as part of the insensible water loss replace- 
ment solution. The lack of concentrating ability of the 
newly transplanted kidney accounts for the obligatory 
high urine output that may be observed in the first 
few post-transplantation days. As the kidney function 
improves gradually and the serum creatinine concentra- 
tion decreases, the urine-concentrating capacity recov- 
ers, and volume per volume urine output replacement 
can be stopped. The daily fluid intake is usually set to 
provide about 150% to 200% of the maintenance daily 
intake, initially as IV plus oral intake and then adminis- 
tered orally. 

Hypertension is commonly observed, but aggressive 
use of antihypertensive therapy is discouraged to avoid 
sudden swings in blood pressure that may impair renal 
perfusion. If hypertension persists, a calcium-channel 
blocker (nifedipine) is usually the first drug of choice, 
especially when cyclosporine or tacrolimus is used as 
part of the immunosuppressive regimen. Common elec- 
trolyte disorders encountered early in the postoperative 
course include hyperchloremic metabolic acidosis, 
hyperkalemia, hypophosphatemia, hypo- or hypercal- 
cemia, and hypomagnesemia (Figure 38-1). 


IMMUNOSUPPRESSIVE DRUGS 
AND PROTOCOLS 


Immunosuppressive protocols for pediatric renal 
transplant recipients are based on the same principles as 
those for adults.° In the search for new drugs, three essen- 
tial criteria needed for safe clinical use have emerged: 
specificity to cells of the immune system; weak potency 
against memory responses; and minimal side effects. 
Central to all current immunosuppressive regimens is 
a calcineurin inhibitor (tacrolimus or cyclosporine) in 
combination with steroids and an adjunctive antiprolifer- 
ative agent (mycophenolate mofetil or azathioprine). 
According to the 2002 NAPRTCS annual report, approxi- 
mately 80% of patients receive triple therapy at 1 year 
post transplant. Corticosteroids continue to be used in 
more than 95% of transplant recipients, with many 
children treated with alternate-day steroid regimens. 
Cyclosporine is used in about 45%, tacrolimus in 50%, 
and azathioprine has been replaced by MMF in most of 
the pediatric transplant recipients. Antibody induction 
therapy is used in 65% of pediatric transplant recipients. 
Pediatric experience with sirolimus is limited. 

The choice of the immunosuppressive regimen 
employed is mostly center-specific, but modifications 
are often made to address the clinical circumstances. For 
example, when transplantation is contemplated in a 
child with prior malignancy, a two-drug regimen (includ- 
ing sirolimus) or even monotherapy may be considered, 
the use of antibody induction is generally avoided, and 
living donation is encouraged to provide the best HLA 
match. Children with prior transplants that failed 
because of repeated episodes of acute rejection may be 
highly sensitized, and therefore may require a more 
intensified immunosuppressive regimen. Tacrolimus 
may be preferred to cyclosporine when there is partic- 
ular concern about non-adherence because of cosmetic 
side effects of cyclosporine. The Children’s Hospital of 
Philadelphia pediatric renal transplant program 
immunosuppressive protocol is detailed in Figure 38-1. 


Maintenance Immunosuppression 


Calcineurin Inhibitors 

Cyclosporine (CsA) 

Children require higher doses of CsA than adults 
when calculated on a milligram per kilogram body 
weight basis. This is especially true when CsA is used in 
children aged under 2 years, particularly in the early 
postoperative period. The requirement for higher doses 
is believed to be due to an increased rate of metabolism 
by the hepatic cytochrome P-450 3A4 isoenzymes. 
Dosing based on surface area, or thrice-daily dosing, 
appears to provide better therapeutic levels in smaller 
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PRE-OP STUDIES FOR RENAL TRANSPLANT < 20 kg > 20 kg Max dose 
(J Comprehensive metabolic panel Week 1 


(J CBC with differential 
D PT/PTT Week 2 1.5 mg/kg 1.0 mg/kg 60 mg 


2 mg/kg 1.5 mg/kg 80 mg 


(J Type and cross for 2 U PRBCs Week 3 1 mg/kg 0.75 mg/kg 45 mg 
(J Urine culture and urinalysis 


D Repeat CMV, EBV Week 4 0.75 mg/kg | 0.5 mg/kg 40 mg 


LJ Chest X-Ray Week 5 0.6 mg/kg 0.4 mg/kg 30-35 mg 
INTRA-OP FLUID MANAGEMENT 

(J Pre clamp: Assure CVP is at least 15 
(J During clamp: Increase CVP to 20 Week 7 0.4 mg/kg 0.25 mg/kg 15-20 mg 
(J Post clamp: CVP 12-15 
ADDITIONAL INTRA-OP MEDS: 
(J Mannitol (0.25 g/kg) — during clamp Month 3 0.2 mg/kg 0.2-0.15 mg/kg 10 mg 
L Lasix (1 mg/kg) — during clamp 
POST-OP FLUID MANAGEMENT PROPHYLAXIS 

(J D5W @ insensible losses: 35 ml/100 calories (J Cefazolin (50 mg/kg/day divided q 8 h) first dose in 


C Urine replacement: 0.45% NS + 22 mEq NaHCO3/L at OR, then x 3 doses post-op 

ml/ml replacement. After initial post-operative period (24—48 h), L Gentamicin (2-2.5 mg/kg) x 1 dose in OR 

change to fixed rate (PO + IV): 1.5 times maintenance D Ganciclovir IV ( to be given unless the donor and the 

D Indication for bolus in the initial post-op period: reduced urine recipient are CMV-negative). It should be started on 
output and CVP 3 the first post-op day and continued for at least 7 days. 

BLOOD PRESSURE MANAGEMENT 

Initial treatment for persistent SBP > and/or DBP > 


(J Hydralazine (0.1-0.2 mg/kg) IV prn q. 4-6 h 5 mg/kg/q. 24 hr GFR 50-75 

(J Nifedipine (~0.25 mg/kg) p.o. prn q. 4-6 h 

IMMUNOSUPPRESSION 

L Thymoglobulin induction 1.25 mg/kg/q. 24 h GFR 10-25 
First dose intra-op after receiving solumedrol as premed (no test 
dose needed). Thymoblobulin IVSS (1.5 mg/kg) over 6 hours to 
start intra-op. Subsequent doses to be given over 4 hours. 
Premedicate with A.M. dose of solumedrol, acetaminophen Change to PO ganciclovir through the 5th month 


(15 mg/kg), benadryl (1 mg/kg). Usually plan to treat for 7 days. > 70 kg (normal GFR) give 1g q. 8h 


The treatment time will be on the cyclosporine/FK level and the i 
graft function. < 70 kg (normal GFR) give 40 mg/kg q. 8 h (up to 1 g q. 8h) 


2 j 2 give 20- ivi 
MUST BE ADMINISTERED THROUGH A CENTRAL LINE GFR 50-70 ml/min/1.73 m4 give 20-30 mg/kg/day, divided BID 
AND IN-LINE (HAL) FILTER GFR 25-50 to 10-15 mg/kg/day, once or BID 


Week 6 0.5 mg/kg 0.3 mg/kg 20-25 mg 


Week 8 0.3 mg/kg 0.2 mg/kg 12.5 mg 


5 mg/kg/q. 12 h GFR > 75 ml/min/1.73 m2 


2.5 mg/kg/q. 24 hr GFR 25-50 


1.25 mg/kg/q. 48 h GFR <10 


D Simulect (Basiliximab) (12 mg/m2) L Acyclovir 
It can be administered through a central or peripheral line. The first (J Nystatin 2-5 ml (100,000 units/ml) TID/QID 
dose should be given within 2 hours prior to transplant. The Cotrimoxazole 2 mg (TMP)/ka/a. Hs 
reconstituted Simulect (20 mg in 5 ml) should be further diluted in m i 9 ( me 
50 ml of saline or 5% dextrose, and infused over 20 —30 minutes. 
The second dose should be given 4 days after transplantation. 


Mycophenolate mofetil (Cellcept®) or Azathioprine 


Initial post-transplant period: Azathioprine (2 mg/kg) IV, once taking 
PO, initiate treatment with Cellcept (600 mg/m2/dose) p.o. q. 12 h 
Tacrolimus 

(0.15 mg/kg/dose) q 12 h to begin when graft function stable. 
Target trough levels: 10-15 ng/ml 

Solumedrol/prednisone 

Intra-op: Medrol (15 mg/kg) — preclamp 

Post-op: Medrol (1.5 or 2 mg/kg) IV daily (AM) until on PO’s then 
change to oral prednisone at same dose. Steroid taper (IV 
solumedrol or PO prednisone). Total dose given in the morning (as 
premedication for Thymoglobulin). 


D Ranitidine 2-4 mg/kg/day + q 8 h, 
then 4-5 mg/kg/day + q 12h 


Figure 38-1 Transplant protocol at the Children’s Hospital of Philadelphia. 
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children and in children in whom metabolism is acceler- 
ated (e.g., patients receiving certain anticonvulsant 
medications). Dosage adjustments are constantly neces- 
sary because of irregular absorption and inherent 
nephrotoxicity. The introduction of the microemulsion 
formulation of CsA (Neoral®) addressed the highly 
variable, partial, and bile-dependent gastrointestinal 
absorption of the previous oil-based drug preparation 
(Sandimmune®), resulting in a further significant reduc- 
tion in the incidence of acute rejection episodes. The 
median initial dose is 8.3 mg/dl, and at 5 years post- 
transplant the median dose is 5 mg/kg per day. 

Nephrotoxicity is the primary concern with the use 
of CsA. Clinically, three kinds of nephrotoxicity are 
observed. The first occurs immediately after transplanta- 
tion, particularly if CsA is used intravenously for induc- 
tion purposes and is seen in association with prolonged 
ischemia. The second type is seen after the first few 
weeks, and manifests clinically as deteriorating renal 
function and high CsA levels; lowering the CsA dosage 
reverses the effect on serum creatinine. Chronic nephro- 
toxicity is most worrisome as it manifests as a slow but 
steady decline in renal function, and may be associated 
with interstitial fibrosis. The mechanism of this nephro- 
toxicity appears to be a decrease in blood flow with an 
increase in renal vascular resistance in the afferent arte- 
riole. Treatment with calcium-channel blockers seems to 
ameliorate the toxicity in both the short and long term. 

Hyperkalemia, hyperuricemia, and hypomagnesemia 
are also observed as a result of altered tubular function. 
Other side effects that are a major concern to the 
children are hirsutism, gingival hyperplasia, and facial 
dysmorphism or coarsening facial features. These side 
effects in adolescents, especially girls, may be devastat- 
ing. They may cause severe emotional distress and may 
result in non-adherence. Tremors, seizures, paraesthe- 
sias, hypercholesterolemia, and hypertriglyceridemia 
may occur. Hyperglycemia and overt diabetes mellitus 
occur in less than 5% of children. 


Tacrolimus 

Trials in adult and pediatric renal transplant recipients 
comparing the clinical efficacy and safety of tacrolimus 
(Prograf®) a macrocyclic lactone, with CsA showed that 
acute rejection was significantly reduced with 
tacrolimus.”!> These advantages may have important clini- 
cal implications for long-term graft survival. The recom- 
mended initial oral daily tacrolimus dose is 0.3 mg/kg, 
administered in two divided doses; subsequent doses are 
adjusted on the basis of clinical evidence of efficacy and 
occurrence of adverse events, and to maintain the target 
whole-blood trough levels within the range of 10-20 ng/ml 
for the first month and 5-10 ng/ml from day 30 onwards. 

The nephrotoxicity profiles of tacrolimus and CsA are 
the same. Hypertension, gingival hypertrophy, and 
hirsutism are less prevalent and less severe with 


tacrolimus. Post-transplant lymphoproliferative disease 
(PTLD) and post-transplantation glucose intolerance are 
more common; recent data indicate that diabetes occurs 
less frequently with lower doses than are currently used. 
Neurotoxicity with tacrolimus is more serious, with 
more marked tremor and a higher incidence of seizures. 
CsA and tacrolimus, although chemically distinct, have a 
similar mechanism of immunosuppressive action. 


Corticosteroids 

The most important concern of corticosteroid treat- 
ment in children is retarded skeletal growth. Other side 
effects include increased susceptibility to infection, 
impaired wound healing, and aseptic necrosis of the 
bone, osteopenia, cataracts, glucose intolerance, hyper- 
tension, cushingoid faces, acne, obesity, and hyper- 
lipidemia. The dosage is usually high in the immediate 
post-transplant period (1.5-2 mg/kg/day), with a gradual 
reduction to about 0.2-0.3 mg/kg per day within 6 months 
to 1 year. Newer, less-toxic steroid preparations have 
been used successfully in the treatment of pediatric 
nephrotic syndrome and in renal transplantation. 
Preliminary studies with deflazacort (DFZ, an oxazolone 
derivative of prednisone) in combination with a standard 
immunosuppressive regimen suggest that it is an effec- 
tive immunosuppressive agent with fewer side effects. 
Growth velocity and growth hormone secretion were 
improved in patients who received DFZ as part of their 
therapy. DFZ also improved the cushingoid features and 
significantly decreased the weight-to-height ratio of 
pediatric recipients. The precise mechanism of action of 
corticosteroids remains unclear. 

The emergence of more powerful immunosuppres- 
sive agents has led to an improvement in acute rejection 
rates, and has allowed the use of lower daily doses 
of corticosteroids. Many attempts have been made to 
withdraw steroids, with variable degrees of success. 
Corticosteroids, therefore, continue to be used in most 
regimens, with an increased tendency toward using 
lower daily maintenance and particularly alternate-day 
dosing, which appears to reduce the growth-inhibiting 
effect without unduly increasing rejection episodes.’ 


Adjunctive Immunosuppressive Agents 

Azathioprine Imuran®) 

The NAPRTCS 2002 annual report showed that the 
use of azathioprine has decreased considerably (from 
50% in 1996 to 8% in 2001) as an indication of increased 
familiarity with MMF. Azathioprine is a competitive 
inhibitor of both de-novo and salvage enzyme pathways 
on nucleotide synthesis. 


Mycophenolate Mofetil (MMF, CellCept®) 

Mycophenolate mofetil, the morpholino ethyl ester of 
mycophenolic acid, is a prodrug and is rapidly converted 
by plasma esterases into mycophenolic acid after oral 


administration. MMF inhibits the proliferation of T cells 
and B cells, as well as the production of antibodies by 
B cells. Three clinical trials compared MMF with azathio- 
prine or placebo in recipients of renal allografts who 
were also receiving CsA and corticosteroids. These trials 
showed that MMF lowers the incidence of acute rejection 
at 6 months by approximately 50%; however, extended 
studies failed to demonstrate a better graft survival com- 
pared to azathioprine. The recommended dose of MMF 
for pediatric patients is 1200 mg/m? per day, divided into 
two doses. In the NAPRTCS database, cadaveric trans- 
plant recipients appeared to benefit the most from MMF, 
with acute rejection rates of 18%, compared with 60% for 
historical controls taking azathioprine. For LD transplant 
recipients, the relative benefits of MMF were small. 
Gastrointestinal and hematologic side effects can be 
troublesome and may respond to dose reduction. Nausea, 
vomiting, esophagitis, gastritis, and bleeding are 
common, as well as susceptibility to invasive forms of 
cytomegalovirus (CMV). In some patients the drug has 
had to be withdrawn because of intolerable diarrhea. 


Biological Immunosuppressive Agents 

Antibody-induction therapy refers to the use of OKT3 
or the polyclonal antibody (equine Atgam and rabbit 
Thymoglobulin) in the first 7-10 days after transplanta- 
tion. The calcineurin inhibitor is withheld, or its dose is 
kept to a minimum until 2-3 days before the antibody 
course is completed. In sequential therapy, the OKT3 or 
the polyclonal antibody is administered and the 
calcineurin inhibitor is introduced only when renal func- 
tion has reached a predetermined level (calculated GFR 
of 20-30 ml/min/1.73 mô. The antibody is discontinued 
as soon as adequate calcineurin inhibitor levels are 
achieved. Polyclonal antibodies bind to cell surface recep- 
tors, thereby opsonizing lymphocytes for complement- 
mediated lysis or reticuloendothelial cell-dependent 
phagocytosis. In pediatric cadaver transplantation, there 
is a 10% advantage in the 5-year graft survival rate using 
antibody induction. Acute rejection episodes are 30% 
less frequent, and tend to occur later. The side-effect 
profiles of these agents are similar. The potential advan- 
tages of antibody induction therapy are: shortening of a 
period of delayed graft function, obviating early use of 
calcineurin inhibitor; delaying the onset of rejection; and 
permitting a less aggressive maintenance regimen. The 
disadvantages are a central line for administration, greater 
cost, prolonging the length of stay, higher incidence of 
CMV infection, risk for first-dose reaction (OKT3), and 
occasional limitation of future treatment options. Antibody 
induction in some centers is reserved for immunologi- 
cally high-risk recipients, patients with delayed graft 
function, and patients requiring anticonvulsant drugs. 

The interleukin CL)-2 receptor monoclonal antibodies 
dL-2R mAb) basiliximab (Simulect®) and Daclizumab 
(Zenapax®) are effective, easy to administer, and have 
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few side effects. These antibodies bind to the alpha 
chain (CD25) of the IL-2R that cannot trigger cellular 
activation; thus these antibodies do not elicit the 
cytokine release syndrome. Basiliximab has a 10-fold 
greater avidity for IL-2R than daclizumab; therefore it is 
given intravenously on the day of surgery and on the 
fourth day post-transplant. Daclizumab is administered 
at 1 mg/kg per day intravenously within 24 hours of 
surgery, followed by equal doses every 14 days for a total 
of five doses. With daclizumab used in addition to a 
triple-drug regimen with either CsA or tacrolimus with 
MMF and prednisone, the rate of acute rejection was 
only 7% at 6 months and 16% at 1 year. Rejections were 
mild and steroid-responsive. No first-dose or cytokine- 
release effect or anaphylactic reactions were observed. 
The rates of opportunistic infections were not increased. 


Newer Immunosuppressives 

Sirolimus 

Sirolimus (Rapamune®, SRL, Rapamycin) and 
tacrolimus are macrolides that bind to the same cyto- 
plasmic protein (FKBP), but sirolimus does not inhibit 
calcineurin phosphatase or cytokine transcription. !? 
Sirolimus has a long half-life (approximately 63 hours), 
justifying both a loading dose to rapidly attain steady- 
state concentrations and once-daily dosing. A good 
correlation exists between sirolimus trough levels and 
the area under the concentration-time curve; therefore, 
the recommendation for its monitoring is based on 
trough levels. Sirolimus is available in liquid and solid 
formulations, with comparable bioavailability. The 
recommended initial dose when used in combination 
with a calcineurin inhibitor and corticosteroids is 6 mg 
or 3 mg/m? once a day, and the maintenance dose is 
3 mg or 1 mg/m? once a day. Dosing for children has 
not been established. The use of sirolimus in place of 
azathioprine in CsA-based regimens lowers the inci- 
dence of acute rejection. However, impaired renal func- 
tion and hypertension in the sirolimus group seems to be 
due to an interaction between sirolimus and CsA that 
potentiates the nephrotoxic effects of CsA. Preliminary 
clinical data suggest that combining sirolimus with 
tacrolimus (instead of cyclosporine) may even be more 
effective. The side effects of sirolimus therapy include 
headaches, polyarthralgia, mild stomatitis, epistaxis, 
diarrhea, and mild acne; however, thrombocytopenia, 
leukopenia, hyperlipidemia, and problems related to 
over-immunosuppression remain the major concern. 


RENAL ALLOGRAFT REJECTION 


Acute Rejection 


Rejection is an anti-allograft response mounted by 
the recipient’s T cells. The activation of the T cells is 
initiated upon recognition of antigen-presenting cells. 
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Antigen recognition stimulates a redistribution of cell- 
surface proteins, leading to a clustering of the T-cell 
receptor (TCR) and the CD3 complex with the CD4 or 
CD8 antigens. The TCR-CD3 complex is associated with 
intracellular tyrosine kinases. Activation of protein 
kinase C (PKC) promotes the expression of several 
nuclear regulatory proteins, and the transcription and 
expression of genes essential to T-cell growth such as 
IL-2 and receptors for IL-2. In addition to antigenic 
signaling, a co-stimulatory signal is essential for full acti- 
vation. The net consequence of cytokine production is 
the emergence of antigen-specific and graft-destructive 
T cells. The cytokines involved in cellular immunity also 
facilitate the humoral arm of immunity by stimulating 
the production of antibodies that damage the renal allo- 
graft via antibody-dependent cell-mediated cytotoxicity 
mechanisms (Box 38-1). 


Hyperacute Rejection 

This occurs as a result of preformed anti-HLA antibod- 
ies that bind to vascular endothelial cells and activate the 
complement cascade. The incidence is less than 0.25%. 
The only treatment is surgical removal of the graft. 
Glomerular thrombosis, fibrinoid necrosis, and polymor- 
phonuclear leukocyte infiltration are seen histologically. 


Acute Cellular Rejection 

This is an important risk for pediatric renal transplant 
recipients, despite advances in transplant pharmacother- 
apy. The first rejection episode occurs within the first 
3 months after transplantation in about half of the 
patients, with higher frequency and earlier recurrence in 
recipients of cadaveric transplants. Black race, DGF, 
and poor HLA matching may predispose to rejection. 


Box 38-1 Types of Rejection after 


Renal Transplantation 


HYPERACUTE REJECTION 

e This occurs within the first few minutes following 
reperfusion of the graft 

ACCELERATED ACUTE REJECTION 


e This occurs within the first week after transplantation 


ACUTE REJECTION 

e This generally occurs within the first year 
of transplantation 

LATE ACUTE REJECTION 


e This occurs after the first year 


CHRONIC REJECTION — ‘CHRONIC ALLOGRAFT 
NEPHROPATHY’ 


e This may occur as early as 3 months or years later 


Acute rejection is the single most important predictor of 
chronic rejection, and precedes graft failure from chronic 
rejection in over 90% of cases.’ 

Any increase in serum creatinine concentration, espe- 
cially with hypertension, should be considered a result 
of acute rejection until proven otherwise. Fever and 
graft tenderness - the classical signs of acute rejection - 
are rarely seen in this era of calcineurin inhibitors and 
prophylactic T-cell antibody therapy. In very young 
transplant recipients acute rejection is not always 
straightforward, and requires a high index of suspicion. 
Because most small children are transplanted with adult- 
sized kidneys, the elevation in serum creatinine concen- 
tration may be a late sign of rejection as a result of the 
large renal reserve compared with the body mass. 
Therefore, significant allograft dysfunction may be pres- 
ent, with little or no increase in the serum creatinine 
concentration. One of the earliest and most sensitive 
signs of rejection is the development of hypertension 
along with low-grade fever. Late diagnosis and treatment 
of rejection are associated with higher incidence of 
resistant rejections and graft loss (Box 38-2). 

The incidence of DGF ranges from 10% to 50%. 
Evaluation includes a urinalysis and urine culture, an ultra- 
sound to rule out anatomic obstruction, and a radionu- 
clide renal scan. None of these tests can distinguish 
among the various causes of graft dysfunction, such as 
rejection, CsA toxicity, and acute tubular necrosis (ATN), 
and therefore, a definitive diagnosis requires a transplant 
biopsy. The biopsy procedure is easy and safe when 
conscious sedation, ultrasound guidance, and an auto- 
mated biopsy ‘gun’ is used. Glomerular changes are 
restricted to increased prominence of the mesangial stalk. 
A tubulitis is the hallmark of acute rejection. Semi-quanti- 
tative analysis and grading of acute rejection biopsy find- 
ings is performed using the Banff criteria (Box 38-3). 

The standard treatment of an episode of acute rejec- 
tion is intravenous methylprednisolone in doses from 
5 to 10 mg/kg per day (up to 1 g per dose) for 3-5 days. 
Maintenance corticosteroid doses are then either 


Box 38-2 Differential Diagnosis of Acute 
Allograft Dysfunction or 


Delayed Graft Function 


e Acute tubular necrosis 

e Ureteral obstruction - perirenal fluid collection, 
lymphocele, hematoma, abscess 

e Urinary leak 

¢ Renal arterial occlusion or venous thrombosis 

¢ Intravascular volume contraction 

e Nephrotoxicity 

e Acute rejection 

¢ Infection 


Banff Criteria 


for Acute Rejection 


Grade I Focal interstitial lymphocyte infiltrate; 
mild tubulitis; normal vessels 

Grade II Extensive interstitial infiltrate; tubulitis; 
vacuolization in arterial vessels 

Grade III Extensive interstitial infiltration; tubulitis; 


lymphocyte infiltration of arterial walls; 
occasional fibrinoid changes 


resumed at the pre-rejection levels or increased and 
tapered to baseline levels over a few days. The serum 
creatinine concentration may rise slightly during therapy, 
and may not return to baseline until 3-5 days after ther- 
apy is completed. Complete reversal of acute rejection - 
as judged by a return of the serum creatinine concentra- 
tion to baseline - is achieved in about half of the children; 
40-45% achieve partial reversal, and graft loss occurs in 
the remainder. Complete reversal from acute rejection is 
less likely with subsequent rejection episodes. Younger 
transplant recipients are at a higher risk for graft loss 
from acute rejection. Steroid-resistant rejection episodes 
are treated with one of the T-cell antibodies. 

Refractory rejection usually refers to episodes of 
acute rejections that do not respond to, or reoccur after, 
treatment with methylprednisone and T-cell antibody 
therapy. Conversion from CsA to tacrolimus, or the addi- 
tion of MMF, may reverse or stabilize a rejection episode. 
The risks for opportunistic infections and PTLD increase 
whenever such aggressive immunosuppressive therapy 
is used, and therefore viral prophylaxis and infection 
surveillance are necessary. 


Chronic Rejection (Chronic Allograft 
Nephropathy) 


Chronic rejection is the most common cause of graft 
loss. In pediatrics, 33% of graft failures are caused 
by chronic rejection (NAPRTCS 2002 annual report). 
A single episode of acute rejection imposed a relative 
risk for chronic rejection of 3.1, while multiple rejection 
episodes increased the relative risk to 4.3. The more 
inclusive term ‘chronic allograft nephropathy’ is used 
because, in addition to the critical role of acute rejec- 
tion, many other factors play a part in chronic rejection 
(Box 38-4). 

The pathogenesis of chronic allograft nephropathy 
involves complex interacting factors including: antigen- 
specific cellular and humoral immune mechanisms; 
number of HLA mismatches; production of alloantibodies 
against donor HLA class I or II antigens; and C4d deposits 
in peritubular capillaries suggesting an ongoing immuno- 
logic process. Non-immune factors that play a role are 
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Box 38-4 Chronic Allograft Nephropathy 


CLINICAL PICTURE 


e Gradually declining renal function with proteinuria 
and hypertension 
e Usually months or years after transplantation 


HISTOPATHOLOGY 


e Obliterative intimal fibrosis in the arteries (transplant 
arteriopathy) 

¢ Duplication of glomerular basement membrane 
(chronic transplant glomerulopathy) 

e Increased lobularity of the tuft (similar to 
membranoproliferative 

e Glomerulonephritis 

¢ Tubular atrophy 

e Interstitial fibrosis with foci of lymphocytes and 
plasma cells 


delayed graft function, hypertension, hyperlipidemia, 
and long-term treatment with calcineurin inhibitors. 
Maneuvers with the potential to reduce initial 
ischemic injury to the allograft are new preservation 
techniques, optimal selection and treatment of donors 
before recovery of the organ, shortening the duration of 
cold ischemia, and preferential use of living donors. 
There is no specific treatment for established chronic 
allograft nephropathy. Hypertension must be controlled; 
ACE inhibitors and angiotensin-II receptor blockers in 
stable allografts are renoprotective.!! It is believed that 
because appropriate blood pressure control and reduc- 
tion of hyperlipidemia are cardioprotective and reno- 
protective, this will improve long-term outcomes. 


GRAFT SURVIVAL 


The results of outcomes in renal transplantation from 
pediatric renal centers vary, usually because the number 
of patients at any one center is small. The main sources 
of data on pediatric renal transplantation are the 
NAPRTCS, the USRDS, and the UNOS registries. The 
NAPRTCS - a dedicated pediatric renal transplant registry 
established in 1987 - has collected data from more than 
7000 patients representing more than 150 pediatric trans- 
plant centers.’ Some of the data presented are extracted 
from the 2002 NAPRTCS Annual Report, which analyzes 
data on 7951 transplants performed in 7247 patients 
from 1987 through 2001. A total of 1968 graft failures 
among 7951 (25%) transplants has occurred. Chronic 
rejection is the leading cause of graft failure, and 
accounts for 33% of graft failures. Other causes include 
acute rejection (15%), vascular thrombosis (12%), and 
recurrence of original disease (7%), patient non-compliance 
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(4.4%), primary non-function (2.6%), infection (2%), and 
malignancy (1.4%). Although some causes of graft failure, 
such as graft thrombosis and recurrence of the original 
disease, have remained constant during the past 10 years, 
loss from acute rejection has decreased dramatically. 
LD graft survival rates at 1, 3, and 5 years are 92%, 86% 
and 81%, respectively. By comparison, CD graft survival 
rates at 1, 3, and 5 years are 84%, 75% and 67%, respec- 
tively. The more recent CD graft transplants have a 
survival of 92% that is similar to that of LD transplants 
from 1987 to 1995. These results may be related to 
temporal trends in immunosuppressive drugs and 
dosages, decreased transfusion requirements, and the 
decreased use of young cadaver donors.? 


PROGNOSTIC FACTORS INFLUENCING 
GRAFT SURVIVAL 


Donor Source 


Short- and long-term graft and patient survival rates are 
better in recipients of LD transplants in all pediatric age 
groups. Registry data show that recipients of kidneys from 
living donors have a 10-20% advantage in graft survival at 
1, 3, and 5 years. Younger transplant recipients benefit 
the most from LD transplantation, and have a 20-30% 
better graft survival rate at 5 years after transplantation. 
A shorter cold ischemia time, better human leukocyte 
antigen HLA) matches, lower acute rejection rates, and 
better preoperative preparation all help to account for the 
better outcome in recipients of LD kidneys. 


Recipient Age 

Children under 6 years of age, and especially those 
under 2 years of age, have lower graft survival rates than 
older children, especially with CD kidneys. The 5-year 
graft survival rates in recipients aged less than 2 years are 
80% and 52% for LD and CD transplants, respectively. 
This is primarily due to early graft losses within the first 
6 months after transplantation. Higher rates of vascular 
thrombosis and irreversible acute rejection help to 
account for this early graft loss. In infants with a CD 
graft, 14% of acute rejection episodes result in transplant 
failure or death, compared with rates of 6-7% in older 
children. In recipients of LD transplants, the results are 
not as extreme: 8% of acute rejections in infants eventu- 
ate in graft loss or death, compared with 4-5% in older 
children. The 5-year graft survival rates in recipients 
aged over 12 years are 5-10% lower than those in recip- 
ients aged between 2 and 12 years. 


Donor Age 


Kidneys from donors aged from 16 to 40 years provide 
optimal graft survival and function. Although transplanted 


kidneys grow in size with the growth of the recipient, 
transplantation with cadaver kidneys from donors aged 
less than 6 years is associated with markedly decreased 
graft survival. The 5-year survival rate for recipients of 
cadaver kidneys from donors younger than 1 year of age 
is about 50%, compared to 60% and 70% for recipients 
of grafts from donors 2-5 years of age and older than 
6 years of age, respectively. Children aged less than 5 years 
who receive a kidney from a donor aged less than 6 years 
have the highest relative risk of graft failure. CD kidneys 
older than 50 years of age are most likely to result in 
suboptimal long-term outcomes. 


Race 


Black race is the most significant factor associated 
with poor outcome among recipients of LD kidneys. 
Graft survival rates in black children are lower by 10% 
and 25% at 1 and 5 years after transplantation, respec- 
tively, for recipients of LD kidneys. For CD transplants, 
the 5-year graft survival in black recipients is lower than 
that in white recipients, by about 20%. 


Tissue Type 


Long-term graft survival is best when the graft is from 
an HLA-identical sibling. Transplants from HLA haploiden- 
tical sibling donors have a half-life (time to failure of 50% 
of grafts) of 12-14 years, compared with 25 years in 
transplant recipients from HLA-identical siblings. 


Pre-sensitization 


Repeated blood transfusions expose the recipient to a 
range of HLA antigens, and may result in sensitization to 
these antigens, leading to higher rates of rejection and 
graft failures. The graft failure rate almost doubles in LD 
transplant recipients with more than five blood transfu- 
sions before transplantation, compared with those who 
had five or fewer transfusions (30% versus 15%, respec- 
tively, at 5 years after transplantation). The figures for 
CD transplant recipients are 45% in those with a prior 
history of more than five blood transfusions, and 30% in 
those who had five or fewer transfusions. Fortunately, 
blood transfusions have become less common since 
human recombinant erythropoietin became an integral 
part of end-stage renal disease (ESRD) therapy. Similarly, 
sensitization may result from the rejection of a previous 
transplant, and the 5-year graft survival for repeat cadav- 
eric transplantations is about 20% lower. 


Immunologic Factors 


Immunologic parameters in younger children are 
different from those in adults and older children. Such 
differences include higher numbers of T and B cells, 


a higher CD4+ to CD8+ T-cell ratio, and increased blas- 
togenic responses. These differences may account for 
increased immune responsiveness to HLA antigens, and 
may be partly responsible for the higher rates of rejec- 
tion observed in children. 


Technical Factors and Delayed 
Graft Function (DGF) 


Small children present a difficult challenge in the 
operating room. The relatively large size of the graft may 
result in longer anastomosis times, a longer ischemia 
time, and subsequently higher rates of early graft 
dysfunction. DGF (defined by the requirement for dialy- 
sis within the first week of transplantation) occurs in 
about 5% of LD and 20% of CD transplantations, and is 
associated with a reduced graft survival. In children with 
DGF, the 3-year graft survival rates are reduced by about 
20% and 30% in recipients of CD and LD donor kidneys, 
respectively. Risk factors for DGF are more than five 
prior transfusions, prior transplantation, native nephrec- 
tomy, and black race. 

The transplanted kidney is usually placed in an 
extraperitoneal location to allow easier clinical monitor- 
ing and access to the graft. Occasionally, native kidney 
nephrectomy is necessary at the time of transplantation 
to make room for the transplanted kidney, especially in 
a very small child. The aorta and inferior vena cava are 
usually used for anastomosis to ensure adequate blood 
flow, but smaller vessels may be used. Vascular anasto- 
mosis may be problematic in a child with previous 
hemodialysis accesses placed in the lower extremities. 
Children should be evaluated thoroughly before trans- 
plantation to identify any potential anastomotic difficul- 
ties. Unidentified vascular anomalies may lead to 
prolonged anastomosis times and subsequently to higher 
rates of DGF and graft thrombosis. 


Antibody Induction 


Antibody induction with polyclonal antibodies or 
OKT3 is used either for prophylaxis against rejection or 
in a sequential manner to avoid nephrotoxicity resulting 
from early use of calcineurin inhibitors. In cadaveric 
transplantation, antibody induction is associated with 
about a 10% advantage in the 5-year graft survival rate. 
First acute rejection episodes tend to be more frequent 
and to occur earlier in patients not treated with an anti- 
lymphocyte preparation. 


Transplant Center Volume Effect 


Transplant outcomes in high-volume pediatric renal 
transplant centers are superior to those in lower-volume 
centers. High-volume centers (defined as the perform- 
ance of more than 100 pediatric transplants between 
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1987 and 1995) reported a lower incidence of graft 
thrombosis, DGF, improved long-term graft survival, and 
more frequent use of antibody induction. 


Cohort Year 


The results of pediatric renal transplantation are dramat- 
ically improving. CD transplants performed between 1987 
and 1989 had a 1-year graft survival rate of 73.4%, whereas 
LD transplants had a 1-year rate of 89.7%. In 1999 to 2001, 
the 1-year graft survival rates for LD and CD transplants 
were 92.4% and 95.7%, respectively. These results may be 
related to temporal trends in immunosuppressive drugs 
and dosages, decreased transfusion requirements, and the 
decreased use of young cadaver donors. 


Non-adherence in Pediatric 
Transplantation’ 


Non-adherence is the principal cause of graft loss in at 
least 15% of all pediatric kidney transplant recipients, 
and for retransplanted patients, this figure may exceed 
25% (see Chapter 9). 


LONG-TERM OUTCOME 


Morbidity 


The NAPRTCS measures morbidity by the number of 
hospitalization days. The median duration (to initial 
discharge) of hospitalization at the time of transplant is 
13 days, with longer stays required for younger patients 
and for recipients of CD grafts. Most children require 
re-hospitalization at least once after initial discharge 
following transplantation. During months 1 to 5, 50% of 
LD-graft recipients were re-hospitalized compared to 58% 
of CD-graft recipients. The hospitalization rate falls with 
increasing time after transplantation. The most common 
reason for hospitalization in this interval is diagnosis 
and treatment of rejection, which occurred in 30% and 
21% of CD and LD patients, respectively. Treatment of 
viral (16% versus 13%) and bacterial (14% versus 12%) 
infections, and treatment of hypertension (6% versus 
4%) are the next most common reasons for hospitaliza- 
tion. The most common bacterial infection in children 
under the age of 5 years is Clostridium difficile diarrhea, 
and urinary tract infection is the most common in those 
aged over 5 years. 


Mortality 


Patient survival after transplantation is superior to that 
achieved by dialysis for all pediatric age groups. In order 
to assess post-transplant survival, 6668 transplants (3704 
LD and 2964 CD) were considered. The percentage 
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patient survival for all patients at 12, 24, and 60 months 
post transplant is 97%, 96%, and 94%, respectively. 
Percentage patient survival for recipients of primary living 
donor kidneys are 98%, 97%, and 95%, at 12, 24, and 
60 months post transplant, respectively. Comparable 
values for recipients of primary CD allografts are 97%, 
96%, and 93%. Post-transplant survival is markedly lower 
for infants (<24 months old at transplant), particularly 
for recipients of CD grafts. The 3-year patient survival of 
cadaver source grafts has increased from 78% in 
1987-1994 to 94% in 1995 and later. For infants receiving 
LD grafts, their 3-year survival also improved from 88% 
in 1987-1994 to 95% in 1995 and beyond. 

According to the 2002 NAPRTCS data, reports of death 
have been received for 365 of the 6668 patients (5.5%). 
Crude donor source-specific mortality rates are 4.6% for 
recipients of LD primary transplants, and 6.6% for recipi- 
ents of CD primary transplants. Infection was the cause 
of death in 118 patients (62.3% of deaths). Other major 
causes include malignancy (45; 12.3%), cardiopulmonary 
(55; 15.1%), and dialysis-related complications (11; 3%). 
Risk factors for excess mortality include young recipient 
age, DGF at day 30 after transplant, and certain underly- 
ing renal diseases (oxalosis, congenital nephrotic 
syndrome, Denys-Drash syndrome). Mortality more than 
10 years after transplantation seems to be related prima- 
rily to cardiovascular causes, which may be linked to 
dyslipidemia and hypertension. 


Rehabilitation and Quality of Life 


Organ transplantation usually results in a dramatic 
improvement of all aspects of physical, emotional, and 
social functioning.!° Cognitive skills improve after 
successful renal transplantation, suggesting stabilization 
of neuropsychologic functioning. Successful re-entry 
into school after transplantation requires coordinated 
preparation of the child, family or caregivers, classmates, 
and school personnel (see Chapter 11). Medication side 
effects, social and emotional difficulties, academic diffi- 
culties, school resources, and care-giver attitudes all play 
a role, and should be addressed. The health-related qual- 
ity of life measures are generally good, especially in older 
children and adolescents, although all ages report some 
problems with usual activities. 

Within a year of successful transplantation, the social 
and emotional functioning of the child and the 
child’s family appears to return to pre-illness levels. Pre- 
transplantation personality disorders, however, continue 
to manifest themselves. Within a year after transplanta- 
tion, more than 90% of children attend school; fewer 
than 10% are not involved in any vocational or education 
programs. By the 3-year follow-up, almost 90% of chil- 
dren are in an appropriate school or job placement. 


Surveys of 10-year survivors of pediatric kidney trans- 
plants report that most patients consider their health to 
be good; they engage in appropriate social, educational, 
and sexual activities; and they experience a very good or 
excellent quality of life. 
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INTRODUCTION 


Children who continue to wet beyond the expected 
age where control is expected are a vexing problem for 
their parents, primary care providers, teachers and, of 
course, the children themselves, who often suffer from 
low self-esteem. The vast majority of these children do 
not wet because they have an organic pathology; rather, 
this is felt to represent a maturational lag for which a 
specific etiology may not always be evident. Health 
professionals can usually reassure parents and start treat- 
ment after taking a detailed history, obtaining a physical 
examination, and performing a limited selection of labo- 
ratory and radiographic studies. This chapter will assist 
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individuals caring for such children to perform a proper 
evaluation and to identify deviations from normal that 
may be uncovered after data gathering. It will review the 
etiology of wetting in children, and present treatment 
options. 


DEFINITIONS 


The International Continence in Children Society has 
provided standard definitions of lower-tract dysfunction 
in children: 
¢ Incontinence implies urinary leakage, rather than 

soaking, and can occur during the daytime or at night. 

e Enuresis is defined as complete expulsion of urinary 
contents after a period where urinary control is 
anticipated. Generally, children are expected to be 
dry during the day by age of 4 years, and at night by 
the age of 5. 

¢ Nocturnal enuresis is wetting at night, and diurnal 
enuresis is wetting during the day. 

e A condition is primary if there has been no dry 
period longer than six consecutive months, and 
secondary if a previous dry period lasted at least 
6 months. 

« Monosymptomatic nocturnal enuresis describes 
bedwetting exclusively with no daytime concerns, 
as opposed to polysymptomatic nocturnal enuresis 
where complaints such as urinary tract infection, 
urinary urgency, frequency, or wetting may coexist. 
The latter condition is usually more difficult to treat. 


EPIDEMIOLOGY 


Because toileting is a maturational process, the 
prevalence of both day and night wetting decreases 
with age. The prevalence of night wetting by age is 
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Figure 39-1 Prevalence of nocturnal enuresis by child’s age. 


shown in Figure 39-1. Key points to note are that 20% of 
5 year-old children still wet at night, and that the rate of 
spontaneous resolution of nocturnal enuresis is 15% per 
year.!° Boys are affected more frequently than girls, until 
puberty. It is estimated that about 1% of adults wet at 
night, albeit less frequently than children. 

Data on the prevalence of daytime wetting suggest 
that this is a more common phenomenon than most 
practitioners think, with 5-10% of children aged 
between 5 and 10 years being affected. Daytime wetting 
is two to three times more common in girls than in boys. 
Long-term follow-up of children presenting with daytime 
wetting reveals that the vast majority (94%) improve by 
adolescence. !? 


Behavioral Issues 


The origins of wetting were initially believed to be 
strictly behavioral. However, children wetting at night 
have not been shown to experience unusually stressful 
events, and there seems to be no difference in the 
prevalence of enuresis in children with or without 
psychosocial problems. Studies show differences 
among some children who wet during the day that may 
relate to attention-deficit hyperactivity disorder. 

Children who wet suffer from shame and low self- 
esteem compared with dry children; these differences 
no longer exist when the wetting resolves.‘ In one study 
in which children were asked to grade stressful events, 
wetting was found to be third behind losing a parent and 
going blind. These children hide their wet clothing and, 
if they wet at night, may refuse to attend sleepovers or 
camping trips. In some cases these feelings are a result 
of parental pressure or even punishment. Teasing by 
siblings can also exacerbate the situation. Parents are 
often frustrated by the cost of laundry and continence 
aids, and can become sleep-deprived if they awaken 
their child at night. Thus, it is imperative that healthcare 


providers identify and discuss the child’s situation with 
the family, and offer appropriate treatment and expla- 
nation of the reasons for delaying treatment in very 
young children. There is an entire industry dedicated to 
keeping children dry - these programs may cost over 
$1800 and they often prey on the families of enuretic 
children. 


DEVELOPMENTAL ASPECTS 
OF BLADDER CONTROL 


Children follow a predictable course of continence for 
both bowel and bladder. First, bowel control is estab- 
lished at night, followed by bowel control during the day. 
Soon afterwards, bladder control is achieved during the 
day - usually after 24 months and before 4 years. Finally, 
children remain dry at night. 

Voiding in infancy has traditionally been thought to 
be reflexive in nature, with the brain having a passive 
role coordinating the flow. Recent studies have shown 
that the cortex is stimulated in infants and, in fact, that 
infants awaken when they void at night. It has also been 
shown that infants do not always void in a coordinated 
fashion, which suggests that they contract their pelvic 
floor musculature. 

Three important accomplishments occur during toilet 
training. First, the toddler develops the ability to sense 
bladder fullness and inhibit bladder contractions. 
Second, the ability to void volitionally develops as the 
toddler relaxes the pelvic floor and the bladder 
contracts. Finally, children are able willfully to contract 
their sphincter during voiding, if they so choose, 
and stop voiding. Infants void approximately 20 times 
per day.! The frequency of voiding decreases with 
age, such that 6-year-old children void about six times 
per day. This is attributable largely to a bladder capac- 
ity that increases with age, in combination with 
decreased fluid intake as the child relies on table food 
for nutrition. The normal bladder capacity can be 
approximated in ounces by adding 2 to the child’s age 
(Table 39-1). 


Table 39-1 Bladder Capacity 


Age (years) Volume 


3 02/90 ml 

4 02/120 ml 
5 02/150 ml 
6 02/180 ml 
7 02/210 ml 
8 02/240 ml 


Nn RW DN =e 


ETIOLOGIES AND CLASSIFICATIONS 
OF DAY AND NIGHT WETTING 


Physicians caring for children who wet must consider 
the organic causes of incontinence or enuresis (Table 39-2). 
Some of these conditions can be corrected, thereby alle- 
viating symptoms. In some cases parental concern is 
primarily based on a fear that the child has a serious 
problem. 

Since toilet training is a developmental milestone, it is 
not surprising that children with developmental delays 
will take longer to accomplish this task. Secondarily, 
perturbations that arise during toileting may explain 
why some children develop functional voiding difficul- 
ties during the day. Chronic urethritis caused by chemi- 
cal irritation, recurrent urinary tract infections and 
constipation can cause children inappropriately to 
contract their external sphincter secondary to the fear of 
pain and/or increase the bladder’s likelihood to contract 
without central inhibition.! Both of these actions will 
decrease the functional bladder capacity and increase 
the chances of wetting and, in some cases, urinary tract 
infection. Infections perpetuate this cycle by reinforcing 
the child’s fear of urinating - just like constipation inhibits 
effective defecation. 


Table 39-2 Organic Causes of Incontinence 


Cause Historical, Physical, Laboratory, 
and Radiographic Clues 


Urinary tract infection ¢ Dysuria, fever, foul-smelling urine 
e Nitrituria, pyuria 
Ectopic ureter e Constant wetting with no dry interval 


¢ No urgency, frequency 
¢ Renal duplication anomaly with 
upper pole dilation 

Posterior urethral valves œ Dribbling, weak urinary stream 

e Distended bladder 

° Thick-walled bladder 

¢ Hydroureteronephrosis 
Ureterocele ¢ Prolonged stream 

e Distended bladder 

e Presence of ureterocele on bladder 


ultrasound 
Diabetes mellitus e Polyuria, polydipsia 
e Glycosuria 
Diabetes insipidus e Polyuria, polydipsia 
¢ Hyposthenuria 
Tethered spinal cord « Abnormal gait 


(neuropathic bladder) e Back pain 
e Abnormal spine (dimple, hairy tuft) 
e Abnormal gluteal crease 
Abnormal neurologic examination 
(rectal tone, perineal sensation, 
bulbocavernosus reflex) 
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The role of constipation must be accentuated in chil- 
dren with day and night wetting; its importance has 
caused some to view the entire condition as a ‘dysfunc- 
tional elimination syndrome.’ Constipation may interfere 
with central inhibition causing detrusor instability, it may 
compress the bladder decreasing its maximum capacity, 
and it may result in incomplete relaxation, leading to 
post-void residual urine. Studies show that aggressive 
treatment of constipation may result in the resolution of 
day and night wetting.!! 


Benign Urinary Frequency (Pollakiuria) 


Children with this condition suddenly need to void 
excessively frequently, as often as 30 times per day. They 
do not complain of dysuria, and rarely wet during the 
day. At night, once asleep these children do not awaken 
and do not wet their bed. Urinary tract infection should 
be excluded. This condition is self-limited, is felt to be 
related to stress, and responds to reassurance. Recent 
studies suggest a relationship between this behavior 
and PANDAS (Pediatric Autoimmune Neuropsychiatric 
Disorders Associated with Streptococcal infections) in 
some children.” 


Post-Void Dribbling 


Girls with this condition actually leak after standing, 
or complain of incomplete emptying and a need to void 
again. They often wipe themselves excessively, thereby 
irritating the perineum. This condition is related either 
to vaginal pooling of urine or detrusor contractions after 
voiding. Advising these girls to void with their legs strad- 
dling the toilet may be helpful. Labial fusion should be 
excluded on examination. 


Giggle Enuresis 


Almost exclusively seen in girls, this condition is asso- 
ciated with complete expulsion of the bladder contents 
on laughing. This embarrassing condition is often 
confused with urge incontinence (see below) or stress 
incontinence, which is uncommon in children. It may be 
functionally related to cataplexy and, in uncontrolled 
studies, has been found to respond to stimulants such as 
methylphenidate. 


Diurnal Enuresis 


Children with this condition put off voiding until the 
last minute. They void infrequently, and are often easily 
distracted. They respond well to voiding schedules that 
are structured, and are often suspected to have attention- 
deficit disorder. Although urgency is seen in these chil- 
dren, this should not be confused with urge syndrome, 
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where children often need to void frequently due to 
detrusor instability. 


Urge Syndrome 


Also known as unstable or immature bladder syndrome, 
children with this common condition complain of 
increased urinary urgency, frequency, and wetting. In 
many cases these children will utilize maneuvers to 
prevent leakage such as Vincent’s curtsy, where girls 
squat with their heel compressing their perineum. 
Urodynamically, the detrusor is contracting during filling 
without cortical inhibition. Concomitantly the pelvic 
floor is contracting to prevent leakage. 


Dysfunctional Voiding 


In this condition the child may fill their bladder 
normally, but empty poorly. The urinary stream is abnor- 
mally prolonged and may be interrupted due to poor 
relaxation of the pelvic floor. The most frequent symp- 
tom noted, primarily in girls, is recurrent urinary tract 
infections. Incontinence may develop due to decreased 
functional capacity secondary to post-void residual. 
In rare cases the bladder becomes enlarged, voiding is 
less frequent, and overflow incontinence can develop. 


Hinman Syndrome 


This rare syndrome represents the extreme spectrum 
of voiding dysfunction. First described in boys, this 
condition appears to resemble a neurogenic bladder and 
has been termed ‘non-neurogenic neurogenic bladder.’ 
Urinary tract infections occur frequently. Functional 
obstruction is so marked that dilation of the upper tracts 
develops and kidney damage may be seen. Severe consti- 
pation and encopresis are commonly associated with 
this syndrome. A multidisciplinary approach (medical, 
surgical and psychosocial) is necessary to effectively 
manage these children. 


Nocturnal Enuresis 


The etiologies of monosymptomatic nocturnal enure- 
sis are multifactorial. Clearly, genetic predisposition is an 
important factor associated with this condition. If one 
parent wetted the bed as a child, then the likelihood of 
offspring wetting is over 40%. The chances increase to 
nearly 80% if both parents wetted. The search for a gene 
responsible for enuresis has proven to be elusive. Genes 
on chromosomes 8, 12, 13, and 22 have all been impli- 
cated in various reports.'? There does not appear to be 
a correlation between phenotype and genotype. 

The specific pathogenesis of nocturnal enuresis has 
centered on three hypotheses. Children who wet at 


night sleep deeply, have small bladder capacities, and/or 
have nocturnal polyuria secondary to a lack of the 
physiological nocturnal peak of vasopressin. 

Many parents claim that their child sleeps deeply, 
based on their experience attempting to wake the child 
to get them to void. Wetting appears to occur through- 
out all stages of sleep. Recent studies have emphasized 
that enuretic children have abnormal arousal from 
sleep.”° By using earphones that emit noise during sleep, 
one investigator found that 8.5% of enuretic children 
awakened, compared to 40% of controls. The problem 
with this hypothesis is that one wonders why these chil- 
dren need to awaken in the first place. Most children 
who stay dry and sleep through the night do not need to 
awaken. In addition, one only chooses to awaken chil- 
dren who wet. We do not know whether some dry chil- 
dren who sleep through the night are just as difficult to 
arouse as those who wet. One correctable sleep distur- 
bance associated with nocturnal enuresis is obstructive 
sleep apnea. Reports have documented the resolution of 
enuresis after the treatment of obstructive sleep apnea. 

Bladder instability is also a cause of wetting. Several 
studies have shown that children who wet at night also 
have urodynamic abnormalities, even in the absence of 
daytime symptoms.!° These abnormalities create a 
functionally small bladder. This hypothesis as the sole 
etiology of nocturnal enuresis is also flawed when one 
considers that not all children with daytime wetting 
have this problem at night. 

Some children with primary nocturnal enuresis do not 
secrete adequate amounts of antidiuretic hormone (ADH) 
at night.!> This relative deficiency of ADH is thought to 
cause nocturnal polyuria exceeding the night-time storage 
capacity of the bladder. Subsequent studies have not 
confirmed this observation, suggesting some patients may 
have resistance to ADH. Many - but not all - children with 
diseases associated with resistance to ADH such as sickle 
cell disease wet the bed, confirming that nocturnal 
polyuria alone does not explain bedwetting in all children. 

By combining all three theories (Figure 39-2), it is 
possible to understand why children are likely to wet. 


Bladder 
capacity 


Figure 39-2 Ftiologies of nocturnal enuresis. 


Children falling into the intersection of two or three of 
the etiologies are probably enuretic. Despite the research 
supporting these theories, most patients are not usually 
tested to determine if they have a sleep abnormality 
(unless apnea is suspected), bladder instability, or a 
relative deficiency of ADH. 

Previous recommendations were that secondary 
nocturnal enuresis was caused by pathology that 
mandated a more extensive evaluation. Stress either due to 
psychosocial issues (e.g., moving to a new home) or 
trauma (e.g., child abuse) should be considered. However, 
in the majority of cases no specific etiology is found and 
usually the evaluation does not need to be more compre- 
hensive than the evaluation performed for children with 
primary nocturnal enuresis. !4 


Voiding Dysfunction 
and Vesicoureteral Reflux 


Increased intravesical pressure can promote reflux 
through a marginally competent vesicoureteral junction. 
Reflux may be identified prior to the knowledge of void- 
ing dysfunction as part of the evaluation for urinary tract 
infection.’ It is important, therefore, to obtain a history 
that includes questions that focus on voiding behavior. 
In many cases reflux resolves with treatment of voiding 
dysfunction, without the need for surgery. Theoretically, 
surgical treatment alone does nothing to help children 
for their voiding problems. Surgical complications may 
develop, especially if the intravesical pressures are high 
and the bladder wall is thickened. 


DATA GATHERING 


The history should emphasize the child’s voiding and 
defecation habits (Table 39-3). Unfortunately, many 
parents lack knowledge about their child’s urinary 
habits, including the frequency and the character of the 
urinary stream, nor do they know the consistency of 
their stool. Ultimately, the healthcare provider needs to 
distinguish key elements that suggest organic pathology. 
For example, constant wetting without any dry period 
suggests the presence of an ectopic ureter draining 
below the sphincter or elsewhere in the perineum. 
Wetting that occurs after voiding suggests pooling in the 
vagina that can be seen in girls with labial fusion. 
Dysuria, urgency, and foul-smelling urine are seen with 
acute cystitis. A weak urinary stream in boys can be 
seen in posterior urethral valves. Both diabetes mellitus 
and diabetes insipidus cause polyuria and polydipsia. 
A history of urinary tract infections, especially if associ- 
ated with fevers, may indicate the presence of vesico- 
ureteral reflux. A change in gait in conjunction with the 
secondary onset of wetting implies tethering of the 
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Table 39-3 Patient History 


Day wetting ¢ How long has your child been wetting? 
¢ How often does your child wet per day 
(week)? 
Does your child dampen their 
undergarments or soak their clothing? 
How have you managed this problem so far? 
Night wetting ¢ Has your child been wetting regularly at night 
since toilet training? 
How many nights per week does your 
child wet? 
Does your child dampen or soak the bed 
sheets or saturate a continence aid? 
Does your child snore heavily or have 
periods of holding his or her breath? 
¢ How have you managed this problem so far? 
Urinary tract e Has your child ever had a urinary tract 
infection infection? 
If so, what symptoms did your child have? 
Did your child have a fever? 
Does your child complain of burning 
on urination? 
Voiding ¢ How often does your child urinate? 
behavior ¢ Does your child indicate that he or she 
needs to void immediately? 
Does your child hold him or herself or 
squat to prevent leakage? 
e Does your child strain to void? 
Does it appear that your child voids in 
a continuous or interrupted pattern? 
Bowel habits ¢ How often does your child defecate? 
e Are your child’s bowel movements large or 
hard? 
Does your child complain of discomfort 
when defecating? 
Does your child have bowel accidents (soil)? 
Psychological ¢ How upset does your child get about 
history this problem? 
Does your child refuse to attend school 
functions or sleepovers? 
How is your child doing academically and 
socially in school? 
Have your child’s teachers advised you 
that your child may have issues with 
attentiveness? 
Diet history ¢ How much fluid does your child drink? 
What fluids does your child drink? 
Miscellaneous e Are there family members who had similar 
problems when they were growing up? 
What medications is your child taking? 


spinal cord. A history of snoring suggests an increased 
risk of obstructive sleep apnea. 

A normal physical examination excludes organic 
diseases that are associated with wetting. Emphasis should 
be placed on the abdominal examination to identify masses 
such as a dilated bladder or severe obstipation. The lower 
back should be examined for the presence of a lipoma, 
sinus, tufts of hair or abnormal gluteal crease, which 
suggests an occult neurologic disorder. Abnormal tone on 
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rectal examination, absent perineal sensation and an 
absent bulbocavernosus reflex can be confirmatory of a 
neurogenic etiology for wetting. Inspection of the geni- 
talia for meatal stenosis in boys and labial fusion in girls 
should be performed. 

Diagnostic testing in children with primary, mono- 
symptomatic nocturnal enuresis is limited to obtaining a 
first morning specimen of urine for a chemical and 
microscopic urinalysis. A concentrated specimen with 
no abnormal elements can safely exclude diabetes melli- 
tus, diabetes insipidus, renal insufficiency and, in most 
cases, urinary tract infection. Imaging of the urinary tract 
is usually not necessary. 

In children with daytime symptoms a urine culture 
should be obtained. A renal and bladder ultrasound 
performed both before and after voiding will help to 
diagnose obstructive uropathy, and will establish the 
functional bladder capacity. Children with recurrent 
afebrile urinary tract infections or a single episode of a 
febrile urinary tract infection, as well as boys with thick- 
walled bladder and poor stream, should have a voiding 
cystourethrogram to identify vesicoureteral reflux and 
posterior urethral valves. A scout film of the abdomen 
can determine if there are bony abnormalities of the 
spine or severe constipation. In some cases, magnetic 
resonance imaging of the lumbosacral spine is indicated 
to exclude spinal cord anomalies. 

Urodynamic testing is reserved for children who do 
not respond to conservative treatment.'’ This study 
can be done in children of any age, although it is easier 
to interpret results when the patient is cooperative. 
A double-lumen catheter is placed transurethrally to simul- 
taneously fill and measure bladder pressure. A rectal 
catheter measures abdominal pressure. Patch electrodes 
placed perianally measure the electromyogram activity 
of the pelvic floor. Finally, a uroflow determines the 
voiding profile, including the velocity and flow time. 
The composite data derived from the history, physical 
examination, radiographic studies and urodynamic 
studies assigns patients into the broad classifications of 
voiding abnormalities described previously. 


TREATMENT 


The fundamental elements of therapy require that 
patients understand their behavior, and that the care- 
giver is willing to spend time working with the families. 
Diaries are utilized to identify the frequency of the child’s 
voiding, wetting, and defecation. Children are instructed 
to drink at least three glasses of water daily that they log 
in their diary, and are instructed to avoid known bladder 
irritants such as caffeine. Specific treatment hinges on 
the data accumulated on the diary. Problems related to 
the bowel (constipation and encopresis) are managed 


first and daytime wetting is managed second, leaving 
treatment for nocturnal enuresis to last. The rationale for 
this approach is that it approximates the normal matura- 
tional process, and it does not make sense trying to keep 
a child dry while they are asleep if they still wet during 
the day. 


Bowel Program 


Combined behavioral, dietary, and pharmacologic 
treatments are instituted. The goal is to ensure that the 
child can sense he or she needs to defecate, and can do 
so painlessly. Behavioral measures include timed seating 
at least twice a day for 5-10 minutes after meals to take 
advantage of the gastrocolic reflex. Dietary changes may 
be necessary so that the intake of water and fiber is 
increased. Medications such as mineral oil and lactulose 
to aid the child in defecating effectively should be 
prescribed. Recalcitrant cases may require polyethylene 
glycol 3350 (MiraLax™). Psychological counseling is 
often necessary to maintain the treatment regimen. 


Daytime Wetting 


Specific therapy depends on the etiology of the daytime 
wetting. In all children, voiding diaries can serve as a 
barometer of a family’s interest and motivation. Children 
are informed that their bladders are acting ‘bossy’ when 
they need to void, but that their brains are the boss when 
they choose to void. By increasing (or simply document- 
ing) voiding frequency six or seven times per day or 
approximately every 2 hours, patients will fall into one of 
three categories. 

Some children improve due to the structure that 
scheduled voiding provides and do not require addi- 
tional assistance. Other children resist adhering to a 
schedule. These families may benefit from the additional 
support that psychological counseling can provide. The 
counselor can delve into the causes for the resistance 
and optimize motivation in the setting specific to the 
family.'’ In cases where children are sufficiently moti- 
vated yet unable to remain dry despite voiding regularly, 
adhering to a bowel program, and increasing their intake 
of water, definitive treatment is required. Children with 
urge syndrome and difficulty with bladder storage may 
improve with the addition of an anticholinergic medica- 
tion such as oxybutynin, tolterodine, or hyoscyamine. 
These medications decrease detrusor instability, thereby 
allowing the patient to increase bladder capacity. Side 
effects such as lethargy and difficulty in reading second- 
ary to poor accommodation of the eyes may limit 
their use. Long-acting preparations may reduce adverse 
effects and improve compliance. Children should 
continue to void regularly, even if positive effects of the 
medication are noted. 


Biofeedback can be employed in children with 
dysfunctional voiding where bladder emptying is incom- 
plete. Although different methods are utilized, the primary 
objective is to teach the child to recognize how to control 
their pelvic floor so that they can completely relax when 
they void. This form of treatment is benign, but the child 
needs to understand what is being asked, and also practice 
between sessions. Making a game of biofeedback training 
has been shown to optimize motivation.’ 

Children with recurrent urinary tract infections who 
have vesicoureteral reflux should be placed on antibiotic 
prophylaxis until the reflux resolves. Short-term prophy- 
laxis may be useful in patients without reflux in order 
to break the cycle of dysuria causing poor relaxation, 
which increases the risk of further infection until 
biofeedback can be started. 


Nocturnal Enuresis 


Treatment for nocturnal enuresis should commence 
when the child and family begin to feel that bedwetting 
is at risk of affecting the child’s self-esteem. This usually 
correlates with the time when children are invited to 
sleepovers or camping trips, but it can occur earlier if 
the family’s approach to dealing with enuresis involves 
punishment. Parents of younger children are educated 
that this is a developmental problem and are reassured 
that treatment will ensue if the problem persists. 
Regardless of the specific treatment chosen, the children 
and parents need to work together as a team to maxi- 
mize response while minimizing the child’s sense of 
shame. Initial measures such as voiding before bedtime, 
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limiting excessive fluid intake, establishing a first morn- 
ing routine that involves the child, and monitoring 
progress on a chart are often helpful. 

The primary behavioral therapy used to treat bedwet- 
ting is an enuresis alarm. The alarms that are currently 
available are compact and portable. Healthcare providers 
should keep an alarm in the office to demonstrate its use 
to families. A sensor is worn in the undergarment that is 
attached to or part of an audio and/or vibratory alarm. As 
the child wets, an alarm signals to awaken them. 
Eventually the child is conditioned to awaken prior to the 
signal from the alarm, and remains dry either because they 
awaken with nocturia or sleep through the night. 

The advantages of an alarm include its cost, safety, effi- 
cacy and, most importantly, its ability to teach and there- 
fore cure the child. Long-term cure rates using the alarm 
range from 50 to 80% with low rates of relapse, which are 
superior to rates seen using pharmacologic treatment. !8 
The disadvantage of the alarm is that they are time-intensive 
and require considerable motivation both from the child 
and family. The alarm should be used every night, and the 
family enlisted to help the child totally awaken. Only the 
child should disconnect the alarm. Failures occur when 
either the parents or child are not sufficiently motivated, 
the alarm signals more frequently than once per night, 
or when the family cannot awaken the child. Success is 
more likely to occur if the family understands how the 
alarm works, and recognizes ways to avoid pitfalls that 
frequently develop. !6 

Medications used to treat nocturnal enuresis are shown 
in Table 39-4. Desmopressin is a synthetic analogue of 
vasopressin. Available as a spray administered intranasally 


Table 39-4 Medications for Nocturnal Enuresis 


Medication Dose 


Desmopressin acetate 


Intranasal 20-40 ug 1 h before bedtime 
Oral 0.2-0.4 mg 1 hour before bedtime 
Imipramine Start 25 mg nightly 
Maximum dose: 8-12 years: 50 mg 
>12 years: 75 mg 
Anticholinergics 
Oxybutynin 5-10 mg nightly 
(0.1 mg/kg) 
Ditropan XL® 5-10 mg nightly 
Detrol LA® 2-4 mg nightly 
Levbid® 0.375 mg nightly 


Adverse Events 


Headache, epistaxis 


Headache 

Irritability, dry mouth, 
headaches, decreased 
appetite 


Dry mouth, flushing, blurry 
vision, constipation 

Same as above 

Same as above 

Same as above 


Comments 


May combine with alarm or 
anticholinergics 

Expensive 

Limit fluids 2 h before bedtime 

May be less effective if patient 
has nasal congestion 

Limit fluids as above 

Counsel family about toxicity 
of accidental overdose 

May combine with alarm 

May combine with alarm or 
desmopressin acetate 

Not FDA-approved for treatment 
of nocturnal enuresis 

Short-acting preparation, may intensify side 
effects and not last as long as needed 

Long-acting preparation, expensive 

Same as above 

Same as above 
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and as tablets taken orally, desmopressin binds to V2 
receptors in the collecting duct that increases the perme- 
ability of water, in turn decreasing urine output. Success 
rates range from 40 to 80%, but the rate of relapse after 
discontinuing the medication is high. The medication is 
well tolerated with few side effects, even when used ona 
long-term basis (>6 months),’ but it is expensive. Fluid 
intake must be limited at night in order to avoid the risk 
of symptomatic hyponatremia. 

Imipramine, a tricyclic antidepressant, is approved 
for the treatment of children with primary nocturnal 
enuresis. It has an anticholinergic effect that increases 
functional bladder capacity, as well as a central effect 
that may increase the child’s ability to arouse at night. 
Approximately 50% of children benefit from the use of 
imipramine, although the relapse rate is high. Between 
10 and 20% of children experience side effects such as 
nausea, constipation, and personality changes. Overdoses 
can cause fatal arrhythmias and families must be warned 
to keep the medication out of the reach of small children, 
preferably in a locked cabinet. 

Anticholinergic medications are especially effective 
in children with polysymptomatic nocturnal enuresis. 
However, they have limited effect when used alone, and 
they should be given with desmopressin or used with an 
alarm. Other combinations such as an alarm with desmo- 
pressin or an alarm with imipramine are also useful.’ 


CONCLUSION 


Healthcare providers need to ask about their patient’s 
toileting behavior to identify those with voiding problems. 
Although the risk of anatomic or neuropathic pathology is 
small, a comprehensive history with emphasis on bowel 
and bladder function and physical examination supported 
by specific radiographic and laboratory studies will iden- 
tify organic causes. Parental education aimed at explaining 
the putative causes of wetting, followed by a therapeutic 
plan that is primarily behavioral, may be sufficient for 
some patients. Other patients may require more intensive, 
multidisciplinary management, including referral to an 
experienced specialist. Regardless of the specific therapy 
offered, patients and their families deserve more than an 
empty reassurance that the child will simply “outgrow” 
the problem. 
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INTRODUCTION 


Urinary tract infections (UTIs) are relatively common 
in infants and young children. In the evaluation of febrile 
infants for serious bacterial illness, UTI is the most 
commonly identified bacterial source of infection. 
Nuclear renal scans demonstrate that most febrile young 
children with a positive urine culture have pyelonephri- 
tis; this puts them at risk for renal scarring.?> Therefore, 
early diagnosis and prompt treatment of UTI in febrile 
young infants and young children is important in 
preventing progressive renal damage and the long-term 
sequelae of hypertension and reduced renal function.!° 
Prevention of further UTIs is essential. This requires 
further testing to identify urological and renal anom- 
alies or dysfunctional voiding. Children at risk for 
recurrent UTIs must be monitored or treated with 
prophylaxis. 
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PATHOGENESIS OF UTI 


The urine and the urinary tract are normally sterile. UTI 
occurs when bacteria ascend from the periurethral area. 
Colonization of the perineum and periurethral area with 
Escherichia coli, Enterobacteriaceae and Enterococcus 
sp. is normal in young infants and children.”! In addition, 
young uncircumcised boys have a reservoir for various 
Proteus species beneath the prepuce. Periurethral colo- 
nization decreases beyond 1 year of age, and intestinal 
bacteria are rarely found beyond 5 years of age. Periodic 
temporary entry of bacteria into the urethra and bladder 
does occur. The bacteria are usually cleared sponta- 
neously without producing symptomatic urinary tract 
infection.”! Patients with anatomical abnormalities in the 
urinary tract, functional bladder problems, urinary stasis, 
and/or presence of specific bacterial virulence factors 
have an increased risk of developing symptomatic UTI. 

At least 80% of community-acquired first-time UTIs 
in the pediatric age group are caused by uropathogenic 
E. coli (UPEC).?! Other causative bacteria are listed in 
Table 40-1. 


Table 40-1 Bacteria that Cause UTI in Childhood 


Common, More Virulent Rare, Less Virulent 


E. coli Pseudomonas 
Proteus Group B Streptococcus 


Klebsiella Staphylococcus aureus and 
Staphylococcus saprophyticus Staph. epidermidis 
Enterococcus Haemophilus influenzae 
Enterobacter 


Common contaminants include: Lactobacillus sp., Corynebacterium sp., 
coagulase-negative Staphylococcus sp. and o-hemolytic Streptococcus. 
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Bacterial Properties and Host 
Defense Mechanisms 


All E. coli isolated from patients with febrile UTIs 
have virulence factors that facilitate their survival in the 
urinary tract, despite hostile local defense mechanisms. 
Without these factors, UPEC are unable to ascend the 
urinary tract against the flow of urine.!8 

Pili (S, P, and type 1) are adhesive molecules 
expressed on the surface of UPEC. S- and P-pili promote 
adherence to urinary epithelium in the upper tract and 
kidney cells. Type 1 pili increase adherence to bladder 
epithelium and mediate epithelial internalization of 
UPEC. These bacteria are protected from the host 
defense system and the actions of antibacterial drugs, and 
can remain dormant in the urinary epithelium.!® It is not 
understood what stimuli reactivate them. 

Most normal bladder defense against bacterial inva- 
sion is accomplished through voiding. Urinary stasis 
increases the risk of bacterial invasion. Obstruction of 
the urinary tract or incomplete bladder emptying 
prevents individuals from efficiently clearing contami- 
nated urine or weakly adherent bacteria.'®?! Normal 
urinary composition and high osmolality have an 
inhibitory effect on bacterial growth and survival. The 
presence of bacteria that survive in the urinary tract initi- 
ates either a local (cystitis) or generalized (pyelonephritis) 
inflammatory reaction. Pro-inflammatory cytokines initi- 
ate infiltration of phagocytic neutrophils into the blad- 
der and urine to combat the infection. Exfoliation of the 
infected bladder epithelium may occur, leading to a 
large reduction in the number of adherent bacteria in 
the bladder. The mechanisms of this immune response 
are not completely understood. UPEC often stimulate a 
more aggressive immune response when compared with 
bacteria with less virulence factors; this is consistent 
with the occurrence of more invasive disease with 
UPEC. Interleukins 6 (IL-6) and 8 (IL-8) are produced by 
the bladder, help to modulate disease, and are excreted 
in the urine. The concentration of these cytokines corre- 
lates with the severity of the disease.!® 


DEFINITION OF UTI 


Urine is normally sterile, and ideally any growth of 
bacteria should be considered an infection. However, 
most methods of obtaining urine specimens introduce a 
risk of contamination, thereby making it difficult to inter- 
pret urine culture results. The ‘gold standard’ for obtain- 
ing urine in an infant is by suprapubic aspiration. 
Without the use of ultrasonography, however, this 
method is often not successful in clinical practice. 
Urinary catheterization is the next best method to obtain 


urine without significant contamination. Although some 
parents, nurses, and physicians may be reluctant to 
perform urethral catheterization for fear of causing pain 
or discomfort, the unacceptably high contamination rate 
from using a urine specimen collected by a non-invasive 
‘bag’ technique is associated with greater risk and 
morbidity. In a study of over 7500 urine cultures 
obtained from children aged <24 months, the contami- 
nation rate was 62.8% in urine obtained by bags and 
9.1% in catheter specimens. Infants whose urine was 
obtained by bag versus catheter, were four- to five-fold 
more likely to have unnecessary treatment and radiolog- 
ical investigation, 12-fold more likely to have unneces- 
sary hospitalization, and were more likely to have 
delayed diagnosis and treatment.” The use of a small- 
diameter, lubricated feeding tube using slow gentle pres- 
sure is the method of choice for obtaining urine in most 
infants. Clean-catch, mid-stream urine specimens can be 
collected in older, toilet-trained children while closely 
supervised by a healthcare provider. A second specimen, 
preferably obtained by urethral catheterization, should 
be obtained prior to starting treatment because contam- 
ination rates from clean-catch urines remain high in 
children aged between 2 and 5 years. 

The interpretation of bacterial growth is dependent 
on the method of urine collection; higher colony counts 
are required for urine to be considered infected with 
methods more prone to contamination (Table 40-2). The 
bacterial growth should be that of a single known 
urinary tract pathogen (see Table 40-1). No absolute 
cut-off can perfectly predict the presence or absence of a 
UTI. Low bacterial counts are not uncommon in infants 
with symptomatic UTIs. Growth of a lesser amount of a 
pure pathogen, a culture with two pathogens, or a mixed 
culture with a predominant pathogen, is suspicious or 
indeterminate and should be repeated. The growth of 
non-pathogenic bacteria or lesser amounts of colonies 


Table 40-2 Definition of a Positive and Negative 
Urine Culture Result by Method 


of Obtaining Specimen 


Method Positive’ Negative 


Suprapubic 210? CFU/ml, one pathogen 
Catheterization 210° CFU/ml, one pathogen 


No growth 

<500 CFU/ml, 
any organisms 

<5000 CFU/ml, 
any organisms 


Clean catch >10° CFU/ml, one pathogen 


*The following are indeterminate and should be repeated: 
¢ Significant growth of two pathogens 
¢ A predominant pathogen with a contaminant 
* Intermediate growth of a single pathogen 


are considered contaminated specimens. Common 
contaminants are Lactobacillus sp., Corynebacterium 
sp., coagulase-negative Staphylococcus, and o-hemolytic 
Streptococcus. The interpretation of the urine culture 
result should take into account the clinical presentation, 
past history of UTI, urinary tract anomalies, antibiotic 
use, and examination of the urine for pyuria and bacteri- 
uria. Although pyuria is usually present in children with 
UTI, its absence does not exclude a UTI. Approximately 
20% of young febrile infants with positive urine cultures 
and documented pyelonephritis by nuclear scan do not 
have pyuria on initial urinalysis.”1>7> Older children 
usually have classic symptoms of UTI and pyuria or 
bacteriuria. 


MAKING THE DIAGNOSIS OF UTI 


Clinical Signs and Symptoms 
of UTI in Children 


Identifying young children with UTI is the first and 
most important step in preventing renal damage. Infants 
do not have the common signs of UTI that are seen 
in older children and adults. Fever is the most frequent 
symptom of a UTI in young children. In a prospective 
study of over 2000 febrile infants presenting to an 
emergency department, 64% of those diagnosed with 
UTI were thought by the examining physician to 
have other sources for their fevers.2? Symptoms of 
UTI in infants are not specific, and include irritabil- 
ity and poor feeding that may mimic other infections 
(Table 40-3). Jaundice, failure to thrive, and abdominal 
pain or discomfort may also be diagnostic signs in infants 
with UTI. Few parents report dysuria or malodorous 
urine. 

In older children and adolescents, the characteristic 
findings of dysuria, frequency, urgency enuresis, hesi- 
tancy, and suprapubic discomfort are associated with 
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lower-tract infections. Chills, nausea, and flank pain may 
indicate pyelonephritis. Young children may present 
with new onset of bed-wetting or loss of toilet training 
skills. In some older children nausea, vomiting and 
abdominal pain may be the only indicator of pyelonephritis 
(Box 40-1). 

The discomfort from pyelonephritis must be differen- 
tiated from other causes of abdominal pain such as 
appendicitis, gastroenteritis, or constipation. Fever and 
irritability may also be due to meningitis, sepsis, or 
pneumonia in infants (see Table 40-3). 


PREVALENCE AND RISK 
FACTORS FOR UTI 


The incidence of febrile UTI or pyelonephritis is 
greatest in infants under 1 year of age, and gradually 
decreases approaching school age. The prevalence of 
UTI in young febrile infants aged less than 24 months is 
3-5%, even amongst those thought to have another 
potential reason for their fever such as an upper respira- 
tory tract infection, otitis media, or gastroenteritis.??7 
Therefore, UTI should be considered in any infant aged 
less than 2 years with unexplained fever.? The preva- 
lence of UTI varies with age, sex, race, severity and dura- 
tion of fever.>?:19-2? 

Even after the first year of age, UTI should be consid- 
ered in any febrile, uncircumcised male infant who is 
not toilet trained. Female infants are at twice the risk 
of having a UTI compared to circumcised male infants. 
Risk factors for UTI in febrile female infants aged 
<24 months include age less than 1 year, white race, 
temperature >39°C, fever for 2 days or more, and absence 
of another source of fever on examination.®?19:22 
Risk factors in older children include dysfunctional void- 
ing, previous UTI, poor hygiene, and sexual activity in 
adolescents. 


Table 40-3 Differential Diagnosis of UTI in Childhood 


Fever and Irritability Abdominal Pain + Fever Dysuria Change in Voiding Change in Urine Color 
Meningitis Appendicitis Foreign body Diabetes Dehydration 
Osteomyelitis Constipation (vagina or Dysfunctional Food color 
Otitis media Lower lobe pneumonia urethra) voiding Hematuria or hemoglobin 
Pneumonia Ovarian or testicular Local irritants Excessive fluid Myoglobinuria 
Sepsis syndrome Pinworms intake 
Viral illness PID Urethritis Mass adjacent to 

Gastroenteritis Sexual abuse bladder 

Renal calculus Vaginitis 


PID = pelvic inflammatory disease. 
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Box 40-1 The Differential Diagnosis 
of Cystitis of Lower Urinary 


Tract Infection 


e Vaginitis 

e Vaginal foreign body 

e Urethral foreign body 

e Pinworms 

¢ Local irritants - bubble baths, swimsuits 
e Sexual abuse 


LABORATORY SCREENING FOR UTI 


Rapid screening tests for UTI (Table 40-4) look for 
evidence of bacteriuria (Gram stain, bacteria by 
microscopy; positive nitrite on dipstick) or pyuria 
(white blood cells [WBCs] per high-power field [HPF], 
WBCs per mmł; leukocyte esterase on dipstick). 
Although rapid screening tests are sometimes used to 
determine which children should have urine cultures, 
they miss 20% of infants with UTI who would have a 
positive culture without pyuria or bacteriuria. Some 
practitioners use the results of rapid screening on urine 
obtained by ‘non-invasive bag’ technique to determine 
when to get a culture. Treatment of infants, however, 
should not be started on the basis of a rapid screening 
test without first obtaining a urine culture by urethral 
catheterization or suprapubic bladder tap.” 


The ‘gold standard’ for the diagnosis of UTI is the urine 
culture, but the results are not available for 24-48 hours. 
Early detection and treatment, however, are essential in 
preventing morbidity from UTI in children. Therefore, 
rapid screening tests are used to determine which 
children should be treated empirically for UTI. 

The dipstick urinalysis can be performed at the 
bedside, is inexpensive, does not require Clinical 
Laboratory Improvement Amendments Certification, 
and has great sensitivity and specificity for UTI. The stan- 
dard microscopic urinalysis provides no additional bene- 
fit over the dipstick for detection of UTI, but adds cost 
and may delay appropriate clinical care.2> The urine 
Gram stain is an excellent test, with good sensitivity and 
specificity, but it requires a laboratory and training to 
perform. The enhanced urinalysis, that is, determination 
of the number of WBCs/mm> by hemocytometer of 
dilute urine plus the Gram stain, is the most sensitive 
method for detecting UTI in young infants, but has poor 
specificity. This test is often reserved for use in neonates 
with fever for whom early detection and treatment of a 
serious bacterial illness is of paramount importance. 

Dipstick and urine culture are the tests of choice for 
detecting UTI in children. The most cost-effective strat- 
egy is to perform urine cultures on all febrile infants in 
whom UTI is suspected and to begin presumptive treat- 
ment on those whose dipstick test are a least moderate 
(+2) leukocyte esterase or positive nitrite.©25 Clearly, 
the higher the pre-test suspicion of UTI, the more likely 
the clinician is to believe and treat a positive rapid 
test result. Therefore, the circumcised male infant with 


Table 40-4 Rapid Screening Tests for UTI in Children: Sensitivity and Specificity 


Microscopy Sensitivity (%) (range) Specificity (%) (range) Reference 

25 WBC/HPF 67 (55, 88) 79 (77, 8H Gorelick, et al.’ 
Any bacteria/HPF 81 (16, 99) 83 (11, 100) AAP? 

>5 WBC or bacteria/HPF 99 (97, 100) 65 (67, 74) Ilyas, et al.!3 
Dipstick 

Any LE 83 (64, 89) 84 (71, 95) Gorelick, et al.” 
Any nitrite only 50 (16, 72) 98 (95, 100) Gorelick, et al.” 
Any nitrite or LE 88 (71, 100) 93 (76, 98) Gorelick, et al.’ 
>Moderate LE or nitrite 73 (62, 81) 99 (98, 99) Saux, et al.2° 
Both nitrite and LE 72 (14, 83) 96 (95, 100) Gorelick, et al.” 
Dipstick + microscopy 

Gram stain, any organism 93 (80, 98) 95 (87, 100) Gorelick, et al.” 
Any positive on either LE, nitrite 99 (99, 100) 70 (60, 92) AAP? 

>5 WBC or bacteria/HPF 83 (74, 90) 87 (86, 88) Saux, et al.2° 
Enhanced urinalysis 

210 WBC/mm? 77 (57, 92) 89 (57, 95) Gorelick, et al.” 
210 WBC/mm? or Gram stain ® 94 (83, 99) 84 (82, 86) Saux, et al.2° 
210 WBC/mm? and positive Gram stain 75 (61, 86) 99 (99, 100) Saux, et al.2° 


HPF = high-power field; LE = leukocyte esterase; WBC = white blood cells. 


fever and UTI symptoms and a trace leukocyte esterase 
result would be unlikely to have a UTI. Presumptive 
treatment should be started in the white female infant, 
pending the results of the urine culture, if she has 3 days 
of high fever without a definite cause but has a moder- 
ate leukocyte esterase result on dipstick; this patient 
would be more likely to have a UTI. Any child with a 
positive nitrite and leukocyte esterase result or a positive 
Gram stain is likely to have a UTI, and should be started 
on antibiotic therapy. 

An elevated peripheral WBC count, positive C-reactive 
protein, elevated erythrocyte sedimentation rate, or 
increased absolute neutrophil counts are non-specific 
indicators of upper tract infection. A child with fever, 
clinical signs of UTI, and a positive rapid screen for UTI 
should be presumed to have pyelonephritis, and must be 
started on treatment. 


TREATMENT OF UTIs IN CHILDREN 


Non-pharmacologic treatment enhances elimination 
of bacteria from the bladder and includes increasing oral 
fluid intake and the frequency of voiding. Treatment 
of underlying dysfunctional voiding as well as constipa- 
tion should be initiated.! Cranberry juice alone is not 
effective in the treatment or prevention of UTIs. 

Delay in the treatment of a child with a presumed UTI 
should be avoided, as it may increase the risk of long-term 
complications. Treatment is therefore initiated on an 
empiric basis, and then modified according to the result 
of the culture when this is available up to 3 days later. 

Trimethoprim-sulfamethoxazole CTMP-SMZ) is the 
most commonly prescribed antibiotic for the treatment of 
uncomplicated UTI. This has resulted in TMP-SMZ-resistant 
E. coli worldwide. Ampicillin-resistant and ciprofloxacin- 
resistant E. coli strains are also a problem.®!¢ Resistance 
to one antibiotic increases the likelihood of resistance 
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to others. Approximately 7% of E. coli strains in the US 
are ‘multiple drug resistant’ (ampicillin, TMP-SMZ and 
cephalothin). !° Observational studies have shown that 
prescription patterns correlate with the emergence of 
bacterial resistance, and a reduction in prescription 
frequency is associated with a reduction in bacterial 
resistance. There is little resistance of common 
uropathogens to nitrofurantoin,!°!© because bacterio- 
static concentrations of nitrofurantoin in the bladder do 
not affect the resistance patterns of the intestinal flora. 
When the bacterial resistance for a specific antibiotic 
exceeds 10-20%, it is recommended that an alternative 
antibiotic is used.!° However, an antibiotic may still be 
effective for treating UTI despite resistance in vitro. 
Bacterial resistance is defined by the minimal inhibitory 
concentration of antibiotic (MIC) that inhibits bacterial 
growth in vitro. Drugs used for the treatment of UTI are 
often eliminated in the urine in concentrations that are 
above the MIC. Therefore, the MIC may not appropriately 
predict the efficacy of eradicating the UTI. Data for local 
and regional bacterial resistance patterns are generated in 
large, hospital-based laboratories, where the specimens 
come from a patient population with high rates of bacte- 
rial resistance. These data may therefore not be applica- 
ble in a local community. Of note, 60% of adults with 
resistant E. coli causing UTI were cured despite treatment 
with an antibiotic to which the bacteria were supposedly 
resistant.!© However, treatment failures and relapses 
(defined by infections with an organism with the same 
resistance pattern 2 weeks or longer after treatment) 
are significantly more common among these patients 
compared to patients without bacterial resistance. !6 


Acute Cystitis 


Children with acute cystitis are treated with oral 
antibiotics (Table 40-5). Once the bacterial sensitivities 
are known, treatment is changed to a narrow-spectrum 


Table 40-5 Antibiotic Choices for Empiric Oral Treatment of Cystitis in Children 


Drug Dose Duration of Treatment 
Trimethoprim-sulfamethoxazole” 9 8-12 mg TMP/kg/day BID 5 days 

Nitrofurantoin* 5-7 mg/kg/day QID 5 days 

Amoxicillin? 25-40 mg/kg/day TID 5-7 days 

Sulfisoxasole 120-150 mg/kg/day QID 5-7 days 
Amoxicillin-clavulanate 40 mg/kg/day BID 5-7 days 

Cefopodoxime” 10 mg/kg/day BID 5-7 days 

Loracarbef 30 mg/kg/day BID 5 days 


Ciprofloxacin" 20-30 mg/kg/day BID 3-5 days 


Should not be used in infants aged less than 2 months. 

High resistance in E. coli. 

“Very broad-spectrum antibiotics should be avoided if possible. 

‘Not routinely recommended for children aged less than 16-18 years. 
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antibiotic. The AAP practice guidelines recommend 7 days 
of antibiotic treatment because prolonged antibiotic 
therapy is often associated with poor compliance.’ 
As this is a risk factor for the development of bacterial 
resistance, attempts have been made to reduce the 
length of treatment for uncomplicated cystitis. A 2-day 
course of TMP-SMZ is safe and efficacious in most 
women. Two meta-analyses involving 652 children 
suggested that a 5-day course of antibiotic treatment 
(according to sensitivities) of first-time cystitis is safe 
and is not associated with increased risk treatment fail- 
ures or re-infection.!:!©2° A shorter course of treatment 
ensures improved compliance and reduces the risk of 
adverse effects. Patients with recurrent UTIs or a history 
of recent antibiotic treatment should be treated for a 
longer period of time (7 days) because of increased risk 
of treatment failure and recurrence.!”?° All patients 
should be instructed to return if symptoms persist, or if 
there is a relapse (Box 40-2).! 


Pyelonephritis 


Patients with evidence of pyelonephritis should be 
treated aggressively, and in a timely fashion. Treatment 
delay increases the risk of renal parenchymal scarring. !4 
Neonates, infants aged under 6 months, toxic-appearing 
children, patients with known urinary tract abnormali- 
ties, and those with chronic renal insufficiency should 
be admitted to hospital for intravenous antibiotic treat- 
ment until the fever has defervesced. Patients are usually 
started on empiric therapy of ampicillin and gentamicin 
(see Table 40-6 for other drug choices). Once the bacte- 
rial sensitivities are known, the antibiotic regimen is 
adjusted accordingly. The recommended length of treat- 
ment is 10-14 days. Neonates should be treated intra- 
venously for the entire duration. Children aged more 
than 6 months who are not febrile or vomiting can be 
treated orally. An intravenous loading dose increases the 
efficiency of this regimen.!° 


Prophylaxis for Recurrent UTI 


Low-dose UTI prophylaxis in children with normal 
urinary tract anatomy increases the risk of infection with 


Box 40-2 Patients with Asymptomatic 


Bacteriuria 


e These patients should not be treated. 

¢ Treatment increases the risk of pyelonephritis 
in these patients. 

e Despite not being treated they do not have 
an increased prevalence of renal scarring. 


Table 40-6 Antibiotic Choices for Empiric 


Treatment of Pyelonephritis in Children 


Drug Dose 

Ampicillin 100 mg kg/day q. 8-q12 h 
Gentamycin 6 mg/kg/day q. 24h 
Tobramycin 5 mg/kg/day q. 8h 


Ceftriaxone* 75 mg/kg/day IV or IM q. 12-24h 


Cefotaxime 150 mg/kg/day IV q. 6-8 h 
Ceftazidime 150 mg/kg/day IV q. 6-8 h 
Ciprofloxacint 20-30 mg/kg/day IV BID 


Amoxicillin-clavulanate 40 mg/kg/day PO BID 


’Should be used in infants aged less than 2 months. 
‘Not routinely recommended for children aged under 16-18 years. 


resistant bacteria, without reducing the rate of UTI.2%?4 


There are no good prospective randomized trials 
concerning the use of low-dose antibiotic prophylaxis in 
children with vesicoureteric reflux (VUR) and recurrent 
UTI. We recommend that children aged under 5 years 
with VUR, all patients with grades IV and V reflux, or 
children with recurrent febrile UTIs should be treated 
with antibiotic prophylaxis to reduce the lifetime risk of 
chronic renal scarring (Table 40-7). Prophylaxis should 
be maintained until the VUR either resolves sponta- 
neously or is treated surgically. 


EVALUATION OF THE CHILD WITH UTI 


Evaluation of a child should be done after the diag- 
nosis of the first febrile UTI. Several imaging studies 
are used for this evaluation (Box 40-3 and Figure 40-1). 
The goal is to identify factors that predispose to recur- 
rent UTI and that increase the risk of renal scarring. 
Children with recurrent episodes of cystitis also require 
evaluation. 

A small percentage of children are predisposed to 
UTIs because of underlying anatomical anomalies in the 


Table 40-7 Antibacterial Agents 


Used for UTI Prophylaxis 


Drug Dose 


Nitrofurantoin* 1-2 mg/kg/day PO QHS 


Trimethoprim 1-2 mg/kg/day PO QHS 
Trimethoprim-sulfamethoxazole 1-2 mg/kg/day PO QHS TMP 
Cefalexin? 10 mg/kg/day PO QD 


*Should not be used in infants aged under 2 months. 
bNeonates and infants aged under 2 months. 


Box 40-3 Imaging Modalities for 


Evaluation of a Child with UTI 


e Renal ultrasound (with or without Doppler 
sonography) 

e CT scan with contrast 

e Voiding cystourethrogram 

e Renal cortical scintigraphy (DMSA scan) 


urinary tract. These anomalies are more common in boys 
(10%) than girls (2%) (Box 40-4). 

Renal ultrasound (RUS) evaluates the anatomy of the 
kidneys and bladder. If there is an abdominal mass in 
addition to symptoms of pyelonephritis, an urgent RUS 
must be done to determine if the mass is caused by a 
urinary tract obstruction. If there is no mass, the ultra- 
sound can be done when the UTI is confirmed. The find- 
ing of an area of local swelling in the kidney(s) on RUS 
suggests acute pyelonephritis.!? The entire kidney may 
be enlarged if extensive areas are involved. This swelling 
may be visualized as a wedge-shaped area of hypoperfu- 
sion and/or ischemia by Doppler ultrasonography. RUS is 
not sensitive enough to make a diagnosis of pyelonephri- 
tis. Areas of reduced cortical thickness are found in 
chronic renal scarring, and the shape of the kidney may 
be distorted by extensive scarring. The measured kidney 
length should be compared to known, age-related stan- 
dard curves. The findings on RUS are an inaccurate 
predictor of VUR even when the collecting system is 
dilated; however, hydroureter or hydronephrosis on RUS 
is suggestive of VUR.!? A normal RUS in a child with a 
UTI does not rule out VUR. Although a normal antenatal 
ultrasound in the third trimester may reduce the yield of 
abnormal RUS after UTI during infancy,!! this finding 


Urinary tract infection 


Pyelonephritis Cystitis 


Evaluate voiding and stooling habits. 
Instruct in optimal voiding habits. 
Manage constipation. 


Renal 
ultrasound 


DMSA renal scan 
If diagnosis of acute 
pyelonephritis is unclear 


Patients with recurrent cystitis: 
Consider referral to Pediatric Urologist 
for urodynamic bladder studies 


Voiding cystourethrogram 
(children <5 years) 


Figure 40-1 Diagnostic algorithm for children with urinary 
tract infection. 
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Box 40-4 Anatomical Conditions 
that Increase the Risk 


for UTI in Childhood 


¢ Obstruction leading to a dilated upper tract and 
urinary stasis: 
e Posterior urethral valves 
e Ureteropelvic junction (UPJ) obstruction 
e Ureterovesical junction (UVJ) obstruction 
e Vesicoureteral reflux (25-35% of patients with UTD 
¢ Duplex collecting system 
¢ Bladder diverticuli or ureterocele 
e Intact prepuce 


is not yet generally applicable and we recommend that 
all infants with UTI should have a RUS as part of their 
evaluation. 

The intravenous pyelogram (IVP) is no longer used 
for evaluation of the renal anatomy because of an unnec- 
essary high radiation dose and the possibility of contrast- 
induced allergic reactions. 

Acute pyelonephritis can be diagnosed by abdominal 
computed tomography with contrast. However, we do 
not recommend its use because it is an expensive alter- 
native to the RUS, requires intravenous contrast, and 
exposes the patient to unnecessary radiation. Magnetic 
resonance imaging may be used, but younger patients 
require sedation, it is expensive, and it does not provide 
additional information about the urinary tract. 

Children with UTI who are aged less than 5 years are 
evaluated for VUR. There are two ways of doing a void- 
ing cystourethrogram C(VCUG): the conventional radi- 
ographic technique, and by radionuclide cystography 
(RNC). The patient’s bladder is filled with either a 
radiopaque contrast medium or a radiolabeled tracer via 
an in-dwelling catheter. Images of the upper urinary 
tract are collected during spontaneous voiding after 
catheter removal. Both of these studies are equally sensi- 
tive for the detection of VUR. The conventional VCUG is 
recommended for the initial evaluation because it better 
delineates the anatomy of the bladder and ureters. RNC 
on the other hand does not provide the same anatomical 
detail, but results in significantly less gonadal radiation 
and may be used for subsequent evaluations. 

°°MDimercaptosuccinic acid (DMSA) is a molecule 
that is taken up by the proximal convoluted tubules after 
intravenous injection. Because it is stable for 2 to 
4 hours, static images of the functioning renal cortex can 
be obtained. DMSA renal scan or renal cortical scintigra- 
phy has the highest sensitivity (87%) and specificity 
(100%) for the diagnosis of acute pyelonephritis.’ 
In 30-50% of infants who present with fever and labora- 
tory evidence of UTI, the DMSA scan shows no renal 
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Box 40-5 Risk Factors for Renal Scarring 


e Young age (especially <1 year) 

¢ Delayed onset of treatment (>72 hours) 
¢ High-grade vesicoureteral reflux 

¢ Obstruction (anatomic or neurogenic) 
e Recurrent episodes of UTI 


parenchymal involvement.*!? Acute parenchymal injury 
diagnosed by DMSA scan is, in most cases, temporary 
and regresses over 6-10 months. Only a small propor- 
tion of these acute lesions progress to chronic renal scar- 
ring. In the absence of VUR, 10% of small renal lesions, 
involving less than 50% of the kidney, will progress to 
permanent scar formation. In the presence of VUR this 
risk increases to approximately 40%. When more than 
50% of the kidney is infected, the risk of developing a 
permanent renal scar approaches 90%.4 


PROGNOSIS 


Several factors are associated with an increased risk of 
renal scarring (Box 40-5). Chronic renal scarring with 
large parenchymal scars diagnosed by IVP increases the 
risk of pre-eclampsia, pre-term delivery, hypertension, 
and chronic renal insufficiency. The long-term morbidity 
of small renal scars found by DMSA scans is unknown. 


CONCLUSION 


Children with recurrent UTI are at risk for renal scarring. 
The most important tool for preservation of the renal 
parenchyma is vigilance, with urine analysis and culture 
added in when the patient presents with fever. 


MAJOR POINTS 


A negative rapid screening test for UTI does not elim- 
inate the chance of having a positive urine culture in 
young infants. 

Fever is often the only sign of UTI in young infants. 
Uncircumcised males and white females with unex- 
plained fever for >2 days are at highest risk for UTI. 
Dysfunctional voiding is the most common cause of 
recurrent UTIs in a child who presents with the first 
UTI after completing toilet training. 

Patients with recurrent UTIs are at risk for treatment 
failures. 

An uncircumcised male infant has a ten-fold 
increased risk of UTI. 
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Introduction 


Pediatric urologists treat disorders that range from 
complex bladder reconstruction or cloacal exstrophy to 
more routine conditions such as dysfunctional voiding. 
More than 80% of urology patients are now cared for in 
outpatient offices or in outpatient surgical centers and 
this impressive figure underscores the importance of rapid 
diagnosis and treatment of the child with a congenital or 
acquired pediatric urologic problem. 


Triage of the Pediatric Urologic Patient 


Initial contact with the child and family is usually 
through a referring phone call from the parent, pediatri- 
cian, family practitioner, or, if prenatal evaluation is 
needed, the obstetrician. In many cases, the family is 
calling from a distance and the urologist must decide 
whether the child is healthy enough to be transferred or 
must first be stabilized (Box 41-1). Skilled general pedi- 
atric support is available even in remote areas. With 
coaching from the accepting team, most clinicians 
manage even complex problems during the stabilization 
phase of the triage process. 


Emergencies 


Conditions that are seen as soon as possible in an 
Emergency Department include the following: 
1. Acute problems of pain, fever, or bleeding related 
to recent surgical procedures 
2. Neonates with obstructive hydronephrosis 
3. Neonates or infants who are acutely ill with urinary 
tract infection (UTD 
4. Neonates or infants with gross hematuria 
5. Infants with ambiguous genitalia 
6. Neonates with major abdominal defects, 
imperforate anus, or spina bifida 
7. Children of all ages with acute abdominal pain 
or genitourinary trauma 
8. Males with spermatic cord torsion 
9. Children with abdominal, testicular, vaginal, 
or perineal masses 
10. Any child with evidence of physical abuse. 


Box 41-1 Triage Categories for Patients 


Emergent Need to be seen immediately 
Urgent Can be seen within 24 hours 
Semi-urgent Must be seen in the next 72 hours 
Routine Require routine evaluation 
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Postsurgical Problems 

Patients who have developed acute problems such as 
pain, fever, or bleeding following a surgical procedure 
should be evaluated immediately. 


Bilateral Hydronephrosis 

Infants with bilateral hydronephrosis should be eval- 
uated immediately after delivery. Boys with an abnor- 
mally thickened bladder wall or dilated proximal urethra 
outlet on the newborn ultrasound examination may 
have posterior urethral valves, prune-belly syndrome, or 
urethral atresia. Many may develop UTI and compro- 
mized renal function. These infants may need direct 
admission to a newborn intensive care unit (NICU) or to 
a similar inpatient step-down unit. These infants need to 
be stabilized immediately and may require surgery within 
48 hours to improve urinary drainage. Girls with urethral 
atresia will need similar therapy. 


Urinary Tract Infection 

UTI in the newborn is an emergency because 
newborns are particularly susceptible to significant renal 
damage if an infection is not treated promptly. These 
babies need intravenous antibiotics as early as possible 
after the diagnosis is made. Appropriate antibiotic 
therapy administered without delay has been shown 
to reduce the incidence of scarring.© 


Gross Hematuria 

Gross hematuria in the newborn is an emergency 
because it may indicate renal venous thrombosis or renal 
arterial thrombosis. Both may be life threatening. These 
infants require resuscitation and occasionally anticoagu- 
lant or operative therapy.’ 


Ambiguous Genitalia 

Infants with ambiguous genitalia need to be evaluated 
immediately because congenital adrenal hyperplasia 
may result in salt wasting, hyperkalemia, and metabolic 
acidosis. A genotypic female with congenital adrenal 
hyperplasia may be incorrectly identified as a male and 
therefore the correct diagnosis should be made as 
quickly as possible to ensure that the child is reared 
according to her appropriate sex. Ambiguous genitalia 
may also occur as part of a congenital syndrome and 
require appropriate evaluation. 


Major Abdominal Defects 

Bladder exstrophy or cloacal exstrophy require direct 
admission to the NICU for stabilization and surgical 
planning. Patients with imperforate anus and variants 
such as a cloacal anomaly require decompression of the 
intestinal tract, usually within the first 24-48 hours.!? 
At the time of the colostomy, the urologist may evaluate 
the perineum and perform endoscopy to assess the 
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urinary anomalies. Procedures to correct these major 
defects must be planned by surgeons familiar with the 
potential risks and complications associated with recon- 
struction of the urethra, vagina, and colon. In many cases, 
a team is assembled that provides orthopedic, general 
surgical, and urological care during the surgery.” 4152 
The anesthesia team must be skillful in the management 
of complex metabolic changes that may occur in infants 
who are under anesthetic for long periods of time. The 
neonatalogists have expertise in the management of 
infants who have had major surgical procedures. 


Prune-Belly Syndrome or Posterior 

Urethral Valves 

One-third of infants with prune-belly syndrome or 
posterior urethral valves develop pulmonary insuffi- 
ciency and require intubation with assisted ventilation 
or extensive pulmonary therapy.?S64 Surgical procedures 
to decompress the urinary tract or to reconstruct the 
urinary tract in these infants must await the initial stabi- 
lization of their pulmonary, metabolic, and infectious 
problems. 


Newborns with Spina Bifida 

Many spina bifida cases are diagnosed in utero? and 
are admitted directly to the NICU. Most are not in 
urinary retention initially, but a few develop spinal 
shock following neurosurgery in the newborn period 
and have a transient period of overflow urinary 
drainage. The kidneys and bladder must be assessed 
for hydronephrosis as soon as the back is closed. It is 
also necessary to determine whether the bladder is 
emptying at suitably low pressures. 79 If the ultra- 
sound shows evidence of hydronephrosis or ureteric 
dilation, a voiding cystourethrogram (VCUG) and urody- 
namic studies are undertaken to ensure that bladder stor- 
age pressures are not excessive. Clean intermittent 
catheterization may then be started. 


Acute Abdominal Pain 

Children with acute abdominal pain should be seen 
immediately for a thorough history, abdominal examina- 
tion, and abdominal imaging series to rule out surgical 
abdominal problems. They must be evaluated for UTI, 
constipation, and spermatic cord torsion. Other, more 
unusual, causes for abdominal pain should also be 
considered. 

Some boys with spermatic cord torsion complain of 
abdominal pain and may have surprisingly few scrotal or 
testicular complaints. Conversely, constipation may 
result in pain in the scrotum and perineum.”4 If a physi- 
cal examination cannot definitively exclude spermatic 
cord torsion, Doppler ultrasound examination or testic- 
ular scintigraphy should be performed. Surgical explo- 
ration is required in some cases to alleviate torsion.*4 


Abdominal, Testicular, Vaginal, and 

Perineal Masses 

Most abdominal masses originate in genitourinary 
organs. 7087.89 A child with a mass should be evaluated 
immediately and an abdominal ultrasound should be 
performed. If the mass is solid, a computerized axial 
tomography (CT) scan is required. 

Testicular masses must be evaluated immediately. 
Testicular tumors occur in the newborn and in early 
childhood as well as after adolescence. The peak inci- 
dence of childhood testicular tumor is at age 2 years, 
decreases after 4 years, and increases at puberty.>>>4 

Vaginal masses may be palpable or may protrude from 
the introitus. An adolescent with amenorrhea caused by 
an imperforate hymen may present with abdominal pain 
and a bulging introitus. 

For perineal masses, the differential diagnosis includes 
benign periurethral cysts, skin tags, ureteroceles, 
prolapsed urethra, hematocolpos, and malignancies 
such as a rhabdomyosarcoma. 


Suspected Child Abuse 

These children must be evaluated immediately. Some 
may be physically traumatized, and so are evaluated in 
the emergency room. They may also present with 
urinary frequency or urgency, dysfunctional voiding, or 
constipation. Pelvic inflammatory disease rates are high- 
est in females aged 15-25 years, with 33% in females less 
than 19 years.4? 


Urgencies 


Patients categorized by triage as urgent require an 
appointment within 24 hours. 


Gross Hematuria Outside of the Newborn Period 

The cause of gross hematuria is often easy to recognize. 
Typical causes include UTI, urethral prolapse, trauma, 
meatal stenosis with ulceration, urinary tract stones, and 
acute nephritis. Less-obvious causes are ureteropelvic 
junction obstruction, cystitis cystica, epididymitis, 
tumor, or coagulation abnormalities.?° 


Infants and Children with Febrile UTI 

Children of any age with severe UTI may develop 
renal scars.!67183 All children with culture-proven UTI 
should be evaluated with a VCUG and an ultrasound of 
kidneys and bladder.?7! 


Infants and Children with Inguinal Hernia 

or Hydrocele 

Infants and children with an inguinal hernia or hydro- 
cele that changes in volume are urgent cases, especially 
if there is inguinal or scrotal pain. Some may need 
surgery within a short period. 


Boys with Painful Priapism 
Ischemia of the corporal bodies may progress to 
corporal fibrosis if untreated. 


Semi-Urgencies 


Semi-urgent cases require an appointment within 1-3 
days of the problem arising. 


Prenatally Diagnosed Hydronephrosis 

Postnatal evaluation of prenatally diagnosed hydro- 
nephrosis can be started within the first few days of life 
if the bladder is normal. 


Amenorrhea 

Females may be uncomfortable because of an imper- 
forate hymen or uterine anomaly that results in poor 
uterine drainage. Endometriosis and infertility may occur 
in untreated patients. ”> 


Routine Evaluations 


Cases considered to be routine will require an 
appointment within 2 weeks. 


Infants with Prenatal Hydronephrosis 

Infants with prenatal hydronephrosis without bladder 
outlet obstruction on the postnatal ultrasound will not 
require an urgent evaluation provided that: 

e there is no bilateral hydronephrosis or thickened 
bladder wall 

e the infant is thriving, with normal serum electrolyte 
and creatinine concentrations. 

Additional tests include an ultrasound, a renal scan to 
evaluate the relative drainage and percentage of function 
of the kidneys, and a VCUG to exclude vesicoureteral 
reflux. 


Asymptomatic Hydrocele 

In most cases, the hydrocele resolves in the first year. 
Exceptions are a large hydrocele, or one that is palpa- 
ble in the inguinal region. An abdominal perineal 
hydrocele does not spontaneously resolve, and usually 
enlarges; it should be corrected between 6 and 12 months 
of age.°” 


Undescended or Absent Testes 
Very few undescended testes descend after 3 months 
of age’ and orchiopexy is carried out at about 6 months. 


Circumcision Complications 

Circumcision complications include bleeding, infec- 
tion, narrowing of the prepucial ring, and urethral 
meatal stenosis. 
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Clinical Pearl 


Evaluation of circumcision complications can be 
carried out at the convenience of the family, provided 
that: 

e there is no active bleeding 

e voiding is normal 

e there is no infection 

e there is no injury to the shaft or glans penis. 


Hypospadias 

The evaluation of hypospadias is initiated in the 
newborn period because most parents of a child with a 
birth defect desire to speak with a specialist as soon as 
possible. 


Varicocele 

Varicoceles develop pre-puberty.°> The varicocele 
size is determined with an ultrasound examination, 
and relative testicular volumes are calculated from the 
three-dimensional measurements on ultrasound.!? This 
examination is repeated at intervals of 6 months 
throughout puberty to assess testicular growth. Surgery 
is not recommended unless the volume of the left testis 
provides less than 40% of total testicular volume on two 
separate ultrasound examinations 6 months apart. 


Evaluation for UTI 

Completion of the evaluation for UTI is performed 
after treatment of the initial infection, at the parents’ 
convenience (Chapter 40). 


Day or Night Wetting 

In the absence of other complicating problems, chil- 
dren with day or night wetting are evaluated routinely. 
The care of children with nocturnal enuresis is individu- 
alized (Chapter 39). 


Antenatal Urological Abnormalities 

An increasing number of mothers carrying a fetus 
with hydronephrosis seek prenatal evaluation by the 
urologist. These visits are scheduled within 1 week 
unless there are any of the following: 
e bilateral hydronephrosis 
e oligohydramnios 
e significant cystic renal disease in a fetus under 

22 weeks. 


Clinical Pearl 


e Microscopic hematuria in the absence of other 
symptoms is not an emergency in children 
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In some cases the decision for discontinuation of 
a pregnancy may depend on gestational age, therefore a 
prompt evaluation may be needed. 


History 


An important first question when taking the history is 
to ask ‘why is the child bere? The child can often begin 
to answer these questions, and it is worthwhile early in 
the interview asking the child a few questions directly. 
This shows respect for the child, who may be an excel- 
lent historian despite their young age. As soon as the 
child realizes that the interview is directed to him or her, 
rather than to the parent, he or she will concentrate 
harder. If future therapy requires behavioral training that 
involves cooperation from the child, he or she may then 
be more receptive. 

It is important to ask what the patient’s and family’s 
goals are. Are they expecting treatment at the facility, 
or are they after a second opinion to confirm or refute 
another treatment plan? Do they prefer a reconstruc- 
tive surgical procedure or the most appropriate non- 
surgical therapy? Treatment must be tailored to the 
family’s social conditions and to the family’s geographic 
location. Mobile families in the Foreign Service or in 
the military may require different approaches to surgi- 
cal problems than families that live near major centers. 
In some cases, there is more than one approach 
for a given problem, and the clinician should be 
prepared to offer choices in order to provide the most 
appropriate care. 

The following sections outline the generalized symp- 
toms in the pediatric patient that the clinician needs to 
address when preparing a patient’s history. 


Failure to Thrive (FTT) 

FTT describes an individual whose physical growth 
is below the fifth percentiles for their age. Nephro- 
urological causes of FTT are chronic UTIs, renal tubular 
acidosis, diabetes insipidus, and chronic renal insuffi- 
ciency. The urologist must also be aware of psychosocial 
or abusive issues that may be contributing to poor 
growth and development. 


Hyperpyrexia 

A temperature greater than 41°C is associated with 
severe infection, hypothalamic disorders, or central 
nervous system hemorrhage. A urologist must keep in 
mind other causes of fever, particularly in compromised 
or at-risk groups. 


Abdominal Pain 

Abdominal pain usually suggests pyelonephritis, 
hydronephrosis, or constipation, but may also be due 
to medical conditions, such as inflammatory bowel 


disease, serositis, sickle-cell crisis, peritonitis, diabetes, 
Henoch-Schonlein purpura, and porphyria. It is impor- 
tant to obtain an accurate history of the character of the 
pain. Details about the character of the pain, time and 
acuteness of onset, and radiation or migration are impor- 
tant and should, if possible, be obtained from the child. 
Anorexia, nausea, vomiting, a change in bowel pattern, 
or icterus may help to distinguish gastrointestinal from 
genitourinary Causes. 


Acute Scrotal Pain 

An accurate history may prevent an unnecessary 
surgical exploration. It is particularly important to inter- 
view the child as well as the parent. Gradual onset of 
pain is more consistent with epididymitis, while abrupt 
pain suggests spermatic cord torsion or torsion of one 
of the testicular appendices. Associated scrotal wall 
swelling, erythema, or superior displacement of the testis 
is suggestive of spermatic cord torsion. An urticarial- 
purpuric rash, arthralgias, abdominal pain, and hematuria 
associated with scrotal pain suggest a diagnosis of 
Henoch-Sch6nlein purpura. 


Perineal or Rectal Pain 

The pain of constipation or of bladder spasm may 
be referred to the penis, testes, scrotum, perineum, or 
groin.?4 


Voiding Symptoms 
Voiding symptoms are discussed elsewhere in this 
volume: see Chapter 40. 


Physical Examination 


Vital Signs 

Blood pressure and pulse rate are recorded for every 
new patient, and on all subsequent visits for children 
with renal anomalies or vesico-ureteral reflux. Reference 
ranges for blood pressure and pulse rates for boys and 
girls should be posted in the clinic area where these are 
measured.® Assistants taking the blood pressure should 
all be aware of the typical variation with age and should 
notify the team of blood pressure readings greater than 
the 90th percentile. 

Abnormal physical findings suggestive of renal and or 
urological conditions are discussed in Chapter 3. 


Clinical Pearl 


e Acute scrotal pain must be presumed to be caused by 
spermatic cord torsion, regardless of age, until 
proven otherwise. 


Abdomen 

Laxity of abdominal muscles with a protuberant 
abdomen occurs in boys with the prune-belly syndrome, 
and occasionally in association with other types of blad- 
der outlet obstruction or severe antenatal hydronephro- 
sis. The abdomen must be inspected for ventral hernia, 
flaring of the rib cage, umbilical leakage, masses, and 
hernias. The approximate sizes and locations of the 
kidneys may be determined with deep palpation. An 
attempt should be made to feel the liver edge and spleen 
as well as the colon, particularly the descending colon. 
An estimate should be made of the volume of stool in 
the descending colon. Separation of the rectus muscles 
and umbilical hernias are common in the newborn. 
Unusual masses should be investigated immediately with 
ultrasonography. 

Cystic abdominal masses include: hydronephrosis; 
multicystic dysplastic kidneys; adrenal hemorrhage; 
hydrometrocolpos; intestinal duplication; and choledochal 
ovarian omental or pancreatic cysts. Solid abdominal 
masses include: neuroblastoma; congenital mesoblastic 
nephroma; hepatoblastoma; teratoma; and renal venous 
thrombosis. 

The features of renal venous thrombosis are a solid, 
tender mass in the flank with hematuria, hypertension, 
and thrombocytopenia. Causes of neonatal onset of renal 
venous thrombosis are polycythemia, dehydration, 
maternal diabetes, asphyxia, sepsis, or deficiencies of 
antithrombin III, protein C or protein S. 

Abdominal wall defects may be umbilical Comphalo- 
cele) or lateral (gastroschisis). Omphaloceles are associ- 
ated with Beckwith-Wiedemann syndrome, conjoined 


twins, trisomy 18, meningomyelocele, and imperforate 
anus, 133444 


Inguinal Canals 

The inguinal canals must be inspected for signs of 
asymmetry or masses. The examiner’s left hand closes 
the internal inguinal ring to prevent an intracanalicular 
testis from migrating into the abdomen. The inguinal 
canal is then palpated for fullness or a mass suggestive of 
a hernia or spermatic cord hydrocele. The examiner may 
feel the silk glove sign suggestive of a thickened patent 
processus vaginalis that may be present if a hernia is 
intermittent. The examiner’s right hand is then brought 
down to the scrotal area, and the testis is then palpated. 
The testis should be examined with attention to its 
anatomy, epididymis, and vas deferens. 


Clinical Pearl 


e As many as two-thirds of neonatal abdominal masses 
are the result of a renal pathology.°77°87 
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If the gonadal examination is symmetrical with gonads 
palpable on each side, or impalpable on both sides, this 
may suggest a global disorder, such as congenital adrenal 
hyperplasia or androgen insensitivity. An asymmetrical 
examination suggests a local problem, such as mixed 
gonadal dysgenesis or true hermaphroditism. 


Undescended Testes 

Undescended testes can be palpated if they are in the 
scrotum or outside the external inguinal ring. 
Occasionally, a testis in a newborn can be palpated if it is 
in the inguinal canal, but in many cases, the testis will 
move in and out of the canal into the abdomen. Retractile 
testes can be difficult to distinguish from low, unde- 
scended testes. Pressure on the femoral artery may help 
to relax the cremasteric reflex in boys older than 2 years. 
Placing the child in a squatting or legs-crossed position 
may relax the reflex and facilitate palpation of the testis. 

A testis that feels tethered during manipulation and 
cannot be manipulated to the base of the scrotum may 
become an ascending testis. Another examination after 6 
to 18 months may help to distinguish a retractile from a 
tethered testis. An ascending or tethered testis (crypt- 
orchid testis) is more difficult to manipulate into the 
bottom of the scrotum with increasing age. 1417.23 


Scrotum 

The scrotum in a newborn is relatively large, but may 
be larger due to the trauma of breech delivery or a 
hydrocele. 


Hydrocele 

A hydrocele is distinguished from a hernia by palpa- 
tion and transillumination, and the absence of a mass in 
the inguinal canal. A hydrocele that changes in volume 
suggests a patent processus vaginalis, which increases 
the risk for inguinal hernia. The processus vaginalis is 
unlikely to close after birth. Symptomatic hernias should 
be corrected in the newborn period. In boys with an 
asymptomatic hernia, outpatient surgery to correct a 
patent processus vaginalis can be performed between 
4 and 6 months of age. 

If there are no volume changes within the hydrocele, 
the processus vaginalis is usually not patent, and the hydro- 
cele involutes by 1 year of age. Persistence of a hydrocele 
beyond 12 to 18 months, even in the absence of volume 
changes, is indicative of a patent processus vaginalis. 


Clinical Pearl 


e A testis is deemed to be descended if it can be 
manipulated to the base of the scrotum, and remain 
there after release, for more than a moment. 
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This requires surgical ligation of the processus vaginalis 
and incision of the scrotal component of the hydrocele. 


Prepuce 

Where the foreskin adheres to the glans in the 
newborn, it should not be separated. The glans should 
not be inspected if the parents do not want a circum- 
cision. Glandular prepucial adhesions usually separate 
before 4 years, but may persist for longer periods. The 
prepuce should not be retracted, but allowed to separate 
naturally if there is no balanitis or UTI.°? 


Urethral Meatus 

The position of the urethral meatus is rarely abnormal 
in an uncircumcised penis with a circumferential fore- 
skin. A circumcision should not be performed if the 
ventral foreskin is short, or absent, or if there is ventral 
or dorsal chordee. The child should be re-examined at a 
later date, when correction of hypospadias or epispadias 
can be performed as an outpatient procedure under a 
general anesthetic. 


Hypospadias 

The severity of a hypospadia is determined by the 
position of the urethral meatus, the presence or absence 
of chordee, and the extent of ventral penile shaft skin 
coverage. A circumcision should be cancelled if a 
megameatus is identified. The foreskin may be removed 
at the time of the urethral repair; however, because 
normal spongiosum is present on the ventral surface of 
the penis, repair of the urethra is usually not difficult 
even after a circumcision.?? 


Penile size 

Stretched penile length and girth should be meas- 
ured. Micropenis in a term baby is less than 19 mm. A 
karyotype should be performed and the hypothalamic- 
pituitary-testicular axis should be evaluated in a boy with 
a micropenis. The penis must be examined in relation to 
the scrotum for evidence of penile concealment, buried 
penis, or webbed penis. In these conditions, the size is 
normal, but it is buried or concealed beneath a promi- 
nent pubic fat pad, trapped by a narrow more proximal 
prepucial ring, or tethered to the scrotum. More penile 
shaft than indicated is often removed if a newborn clamp 
circumcision is performed, and this may result in a scar 
or a secondary trapped penis. Circumcision should be 
deferred if there is encroachment of the scrotum onto 
the penile shaft that results in a webbed penis.!!*8 


Varicoceles 

Varicoceles are varicosities of the internal spermatic 
vein. They occur in 10% of adolescent boys but are uncom- 
mon under 10 years of age. Varicoceles are almost always 
on the left and are bilateral in about 10% of cases. 


Varicoceles are palpable when the boy is standing and 
drain when supine. A retroperitoneal tumor compressing 
the vein must be suspected if only the right side is involved 
or if the varicocele does not decompress when supine. 
Testicular size must be determined in a preadolescent 
or adolescent with a varicocele. Ultrasound examina- 
tions can be used to monitor testicular growth. If the 
testicular volume contribution from the left side normal- 
ized to total testicular volume decreases below 40%, 
surgery may be indicated to correct the varicocele.”° 


Perineal Examination in the Female 

Perineal examination in the female is similar to that 
in a male. Examination of a teenage girl should not be 
performed in the presence of the father, but can be 
performed with the mother present as long as the 
adolescent agrees. A bimanual examination of an adoles- 
cent is best performed in the operating room. The girl is 
placed in a frog-leg position or in a knee-chest position. 
The clitoris is examined for evidence of hypertrophy 
that may be suggestive of an intersex condition. The 
labia majora are gently spread in an inferior direction to 
permit inspection of the clitoral area and introitus. The 
vestibule is assessed for discharge. 

By gently grasping the labia majora and pulling 
inferiorly, the perineal folds are better defined and a 
consistent examination is provided in most cases.’”? An 
imperforate hymen may cause hydrometrocolpos and a 
lower abdominal mass. In older girls, a small speculum can 
be used to evaluate the cervix and interior of the vagina. 
Palpation of the vaginal walls and cervix and bimanual 
examination of the uterus completes the examination. A 
clear vaginal discharge is frequently associated with vagi- 
nal voiding and is common in girls who hold urine and 
subsequently dribble urine into the vagina. Treatment of 
dysfunctional voiding results in reduced vaginal drainage. 
Vaginal bleeding in a pre-adolescent may result from a 
foreign body, such as trapped toilet paper or other foreign 
bodies that were inserted intentionally or accidentally. 


Urethral Prolapse 

Urethral prolapse is relatively common, especially in 
African-American females. The prolapse is through the 
meatus forming a hemorrhagic, often sensitive, mass that 
bleeds with palpation or in contact with undergarments. 
Girls may have difficulty with urination, depending on the 
size of the prolapse and whether or not it includes the 
urethral meatus. Urethral prolapse may respond to topical 
application of estrogen and may be managed expectantly 
as long as voiding is normal.’ 


Genital Injury 

Although genital injuries may be accidental, the possi- 
bility of physical or sexual abuse must be considered in 
all cases of genital trauma in either sex. 


Sexual Abuse 

‘Sexual play’ may be defined as viewing or touching of 
the genitals, buttocks, or chest, by pre-adolescent 
children separated by not more than four years in age 
in which there was no force or coercion. ‘Sexual abuse’ is 
defined as any activity with a child before the age 
of legal consent for the purpose of sexual gratification 
of an adult or a significantly older child. Sexual abuse 
includes: oral-genital, genital-genital, genital-rectal, 
hand-genital, hand-rectal, or hand-breast contact; expo- 
sure of sexual anatomy; forced viewing of sexual anatomy; 
showing pornography to a child; and using a child in the 
production of pornography. Sexual intercourse includes 
vaginal, oral, or rectal penetration. Penetration is entry into 
an orifice with or without tissue injury. Younger perpetra- 
tors tend to have younger victims but are more likely to 
have intercourse with older victims. Sex acts perpetrated 
by young children are learned behaviors and are associated 
with experience of sexual abuse or exposure to adult sex 
or pornography. Without detection and intervention, 
sexual abuse may progress from touching to intercourse. 

Sexual abuse is common: 12-38% of adult women are 
sexually abused by age 18 years. The incidence of sexual 
abuse of males ranges from 3% to 9%. Approximately 
one-third of sexual abuse victims are under 6 years of 
age, one-third are 6-12 years of age, and one-third are 
12-18 years of age. Of the total number of reported 
offenders, 97% are male.43 

Pedophiles look for positions and opportunities 
where they have contact with potential victims, and 
groups of children at particular risk from pedophiles are 
indicated in Box 41-2. 

The abuse of daughters by fathers and stepfathers is 
the most commonly reported type of incest, although 
it is thought that brother-sister incest occurs more 
frequently. Factors that may lead to incest are a father’s 
desire for sexual gratification, a daughter’s need for 
affection and nurturing, an unavailable mother, and a 
longing to maintain the family unit. Although violence is 
uncommon in sexual abuse, its incidence increases with 
the age and size of the victim. 

Investigating the possibility of sexual abuse requires 
supportive, sensitive, and detailed history-taking, 


Box 41-2 Children at Risk from 


Pedophiles 


e Children with mental and physical handicaps 

e Children who are unloved and unwanted 

e Children who were previously abused 

e Children in single-parent families 

e Children of drug abusers 

e Children with low self-esteem and poor achievement 


Urological Evaluation 333 


preferably by a sexual-abuse team. The key is to be aware 
of the possibilities when they might exist (Box 41-3) and 
to invite the sexual-abuse team in early. A pediatric 
urologist is often asked to evaluate the abdomen and 
perineum. Examination of the female genitalia with 
the patient in the frog-leg position for young children 
or the knee-chest position for older children expedites 
the examination with minimal touching. Sexual abuse 
should be considered when the vaginal mucosa is 
bruised or injected, the vaginal opening is dilated or the 
hymen is damaged, showing a V-notch or cleft.8° Despite 
these guidelines, the diagnosis of sexual abuse is made 
by the history and not by the physical examination. 
Suspected abuse must be reported to the police, and the 
state child-welfare team if the perpetrator is a caregiver 
or parent. 


Perineal Injury 

Blunt injury to the perineum may cause a hematoma 
beneath the perineal skin. Hematomas or contusions do 
not need treatment. Penetrating injuries of the vaginal 
area need to be investigated by imaging studies of the 
urethra and bladder and may require treatment. 


Tumors 

Benign or malignant tumors of the vaginal area must 
be considered when vaginal bleeding occurs in young 
girls. These include capillary hemangioma, rhabdomyo- 
sarcoma, neuroblastoma, or carcinoma. 


Labia 

Labial masses may be associated with hernia or hydro- 
cele of the canal of Nuck.*® Adhesions of the labia minora 
are common and are usually asymptomatic. Occasionally, 
vaginal irritation occurs from pooled urine and, if not 
separated, the irritation may progress to irregular voiding, 
which may exacerbate the problem. A short course 
of estrogen crème applied to the labia may be effective. 
In many cases, however, separation of the adhesions in 
the office with local anesthetic crème may be required. 
A barrier ointment must then be applied within the labia 
minora to prevent recurrence until the inflammation has 
resolved. 


Box 41-3 Symptoms Suggestive 


of Sexual Abuse 


e Vaginal, penile or rectal pain 

e Vaginal, penile or rectal discharge or bleeding 

e Chronic dysuria, enuresis, constipation or encopresis 
e Sexualized activity with peers, animals, or objects 

e Seductive behavior 

° Age-inappropriate sexual knowledge and curiosity 
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Clinical Pearl 


A presacral dimple may indicate spina bifida or cord 
tethering IF the dimple is: 
e off-center 
¢ more than 25 mm from the anal verge at birth 
e deeper than 5 mm.”° 


Labial fusion may be associated with congenital adrenal 
hyperplasia, gonadal dysgenesis, or a cloaca.’ A genito- 
sinogram must be performed when the urethra cannot be 
distinguished from the vaginal orifice. 


Imperforate Anus 

Meconium is usually passed within 12 hours after 
birth; 99% of term infants and 95% of premature infants 
pass meconium within 48 hours of birth. An imperforate 
anus is not always obvious. An attempt to insert a small 
finger or rectal tube gently into the anal dimple may be 
required to confirm the diagnosis. Any child with early 
and consistent history of constipation must be suspected 
of having an imperforate anus or a variant thereof.46 


Lower Back 

The dimple or irregularity of skin fold normally pres- 
ent in the sacrococcygeal midline may be mistaken for 
an actual or potential neurocutaneous sinus. 

Tufts of hair over the lumbosacral spine suggest an 
underlying abnormality, such as spina bifida occulta, 
sinus tract, or tumor. An ultrasound of the lumbosacral 
spine must be performed on a newborn if there are 
sinuses or dimples.*! The upper and lower extremities 
and back are examined for asymmetry, length discrep- 
ancy, or misalignment of the spine. 


OFFICE PROCEDURES IN THE PEDIATRIC 
UROLOGICAL PATIENT 


Urodynamic Suites 


The well-equipped urology office will have a uro- 
dynamic suite as part of the overall complex. Modern 
urodynamic systems allow accurate measurements of the 
intra-luminal bladder pressures before, during, and after 
bladder contraction. From these measurements, estimates 
of bladder compliance as well as the bladder outlet resist- 
ance may be made. With this information, the pediatric 
urologist may assess whether the bladder stores at pres- 
sures low enough to prevent renal damage and empties 
well enough to prevent urinary tract infection. 

Biofeedback training, designed to help the child to 
improve bladder emptying, may also be performed in 
the office. Biofeedback sessions should be performed 
in a room that is separate from the urodynamic suite 


because in most cases a different population of patients 
requires biofeedback training than will undergo urody- 
namic study.’*° Biofeedback, if performed properly, is 
time consuming, therefore the child must be relaxed 
for a session to be effective. Biofeedback suites can be 
equipped with stereo and video, and have low levels of 
lighting, to help make the child feel more comfortable. 


Office Surgical Procedures 


Successful outpatient surgery with local anesthetic 
depends on co-operation from the parents as well as the 
child. Parents must believe that the convenience of 
having the procedure in the office outweighs the advan- 
tages of a general anesthetic in the main operating room. 


Circumcision 

Many babies under 4.5 kg (10 Ib) may easily undergo 
an office circumcision through use of an anesthetic 
crème combined with injected local anesthetic,>””” 
although it is rare to provide office circumcision for 
older children. Infants older than 3 months are too big to 
be easily restrained, and the risk of bleeding postopera- 
tively if the skin edges are not sutured is considerable. 

A variety of techniques may be used in the clinic for 
circumcision. Most of these are clamp procedures. An 
example is the GOMCO clamp, a three-component 
device which includes a bell that fits over the glans of 
the penis and separates the glans from the inner 
preputial skin. 3? The clamp is applied, and the foreskin 
is trimmed away from the clamp. If the clamp is left in 
place for a considerable amount of time (usually about 
10 minutes), there is very little separation of the skin 
postoperatively. If desired, a small non-stick bandage 
can be placed beneath a transparent adhesive dressing. 
The bandage is removed the next day. The boy’s parents 
are instructed to apply petroleum jelly to the incision 
during the healing period. 

Complications following neonatal circumcision include 
bleeding, wound infection, meatal stenosis, and second- 
ary phimosis resulting from removal of insufficient 
foreskin or removal of insufficient inner prepucial skin. 
Potentially serious complications include sepsis, ampu- 
tation of distal part of the glans, removal of excessive 
foreskin, and urethrocutaneous fistula.*°! 


Meatotomy 

Meatal stenosis is common following circumcision. 
It may result from contraction of the meatus following 
healing of the inflamed, denuded, glans tissue that occurs 
following retraction of the foreskin, or from damage to 
the frenular artery at the time of circumcision. *? If the 
narrowing is pronounced enough to cause deflection of 
the urinary stream or dysuria, a meatotomy is indicated. 
This procedure is easily performed in the pediatric 
urologist’s office. 


To perform a meatotomy in the office, an anesthetic 
crème is applied. After 45 minutes, lidocaine with 1% 
epinephrine is injected using a 26-gauge needle to 
provide a small wheal at the ventrum of the urethral 
meatus. The ventral edge of the urethral meatus is 
clamped, and a small wedge of the scarred tissue is 
crushed with a straight hemostat and sharply excised. 
After the procedure, the parents are advised to apply a 
fine petroleum ointment to the cut edges of the urethral 
meatus. A small meatal dilator is used twice a day for 
4-6 weeks. Postoperatively, these children are seen 
2-3 months later to assess the result. 


Prepuce 

The adhesions that are present between the glans 
penis and the inner surface of the prepuce in an uncir- 
cumcised boy should never be forcefully separated. These 
filmy prepucial-glanular adhesions rarely result in symp- 
toms and will often re-adhere after they are separated. 
As the child ages, these adhesions will spontaneously 
separate.>? However, following a circumcision, the cut 
edge of the prepucial surface may occasionally graft to 
the inflamed glans tissue, forming a prepucial-glanular 
bridge, which may be incised in the office with applica- 
tion of local anesthetic creme and subsequent injection 
of local anesthetic. Following injection, the skin bridge 
is clamped, the clamp is removed, and the skin bridge is 
sharply incised. In most cases, no suturing is required. 
This procedure is easy and virtually painless. After the 
procedure, the parents apply petroleum jelly to the 
incised edges to prevent them from re-adhering. 


VCUG 

If a VCUG is required, or if dysuria associated with 
vaginal pooling of urine contributes to a dysfunctional 
voiding pattern, labial adhesions can be separated in the 
office. These membranous adhesions are easy to separate 
on the midline with a probe or the tip of a curved hemo- 
stat. A local anesthetic crème can be applied to the labia 
to ease the discomfort, which is minimal. After lysis of the 
adhesions, the child’s parent must separate the labia and 
apply a barrier cream, such as petroleum jelly, at least 
twice a day for 4-6 weeks while the labial tissue matures. 
With diligent postoperative care, recurrence is rare. 


Summary 


The final goal of surgical care of children is to assure 
as normal an adult life as possible. Children born with 
complicated problems may require lifelong follow-up by 
skilled urologists. For boys with prune-belly syndrome or 
posterior urethral valves, and for children of either sex 
born with bladder or cloacal exstrophy, pediatric urolo- 
gists should continue to act as consultants even after 
he children enter adulthood. As children grow into adults, 
pediatric teams must develop liaisons with skilled, inter- 
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ested adult teams. In this way, lifetime plans of care may be 
designed and carried out to assure well-coordinated urolog- 
ical therapy that is capable of addressing the complicated 
problems unique to this special group of patients. 


RADIOLOGICAL EXAMINATION OF THE 
PEDIATRIC UROLOGY PATIENT 


Ultrasound 


Ultrasound examination of the kidneys, ureters, and 
bladder is an extension of the physical examination. 
Palpable masses within the abdomen can be localized, and 
even diagnosed, with the aid of ultrasonography 
performed by a uroradiologist with an interest in pedi- 
atrics. The examination should evaluate not only the 
genitourinary system but also adjacent organs, such as the 
adrenal, liver, and spleen. The image of the parenchyma of 
the liver and spleen should be used as a comparison to 
assess the parenchyma of the right and left kidneys, 
respectively. The density of the kidney and of the renal 
medullary pyramids, as well as the wall thickness and 
configuration of the collecting system, the presence or 
absence of caliectasis, pelviectasis, or ureterectasis, are all 
important indicators of renal and ureteral pathophysiol- 
ogy.*8 The lumenal diameter of the ureters, thickness 
of the bladder wall, and the volume of the bladder 
(both before and after voiding) should be recorded. If 
hydronephrosis or ureterectasis is present prior to voiding, 
the kidneys and ureters should be rescanned after voiding. 
A skillful ultrasonographer can provide anatomical detail 
about the insertion of the ureters and the degree of dila- 
tion of the ureter, and can identify the jet of urine as it 
enters the bladder. 

Ultrasound is sensitive in detecting solid renal masses, 
particularly those that measure at least 15 mm in the 
largest dimension. For smaller renal masses, the ultra- 
sound findings should be considered preliminary and 
should be confirmed with CT scanning, or magnetic 
resonance imaging (MRD.*° 

Ultrasonography may also be used to accurately 
measure post-void residual urine.!> Increased thickness 
of the bladder wall may be suggestive of bladder outlet 
obstruction from posterior urethral valves or urethral atre- 
sia. Trabeculation within the bladder, bladder diverticulum, 
or ureteral duplication or ureterocele are all easily identi- 
fied with ultrasound.*? In the absence of comparison 
studies or appropriate history, ultrasound cannot be used 
to distinguish obstructive from non-obstructive 
hydronephrosis. Therefore, a functional study, such as a 
renal scan, is usually required for diagnosis. 

Ultrasound is frequently used to examine the scrotum 
to assess testicular volume in boys with varicocele.!? It 
may also be used to assess blood flow if spermatic cord 
torsion is suspected, as well as to distinguish between 
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epididymitis and torsion of the appendix testis in cases 
where tenderness is localized to the upper pole of the 
testis. It has also been found useful in distinguishing 
hernia from hydrocele, or identifying abdominoperineal 
hydroceles.?757;80 


Voiding Cystourethrogram 


With very few exceptions, children with a proven 
UTI should undergo VCUG to identify vesicoureteral 
reflux (VUR), to evaluate the anatomy of the bladder 
outlet during bladder filling and voiding, and to assess 
the presence of residual urine following micturition. 
Additional information regarding trabeculation of the 
bladder, bladder diverticula, and presence or absence of 
urachal abnormalities may be identified with a fluoro- 
scopic VCUG.??5:31,55,58 

The VCUG begins with a plain film, followed by 
placement of a feeding tube rather than a Foley catheter. 
The balloon on a Foley catheter may obscure the 
anatomy of the bladder neck and trigone, particularly at 
the beginning of the study. On the plain film, abnormal- 
ities of the spine, ribs, and pelvis, and the presence or 
absence of stones within the kidney, ureter, or bladder, 
should be noted. The gas pattern and volume of stool 
is particularly important in infants and in children 
with dysfunctional voiding in whom constipation may 
be an important part of the clinical pattern. Gas should 
normally be present in the rectum on plain film by 
24 hours of age. The bladder should be drained, and 
contrast should be gently infused. In children in whom a 
ureterocele is suspected, the first few images during fill- 
ing of the bladder best demonstrate the ureterocele. The 
bladder is then filled slowly, and the child voids. 

Voiding views must be obtained in all cases, this is 
particularly important if bladder outlet obstruction, such 
as a posterior urethral valve, is suspected. In children in 
whom VUR is suspected or in patients with an ectopic 
ureter, a cyclic VCUG must be performed in which at 
least two voiding cycles are completed. In some cases, 
the ectopic ureter that is draining to the bladder neck 
must empty in order for additional contrast material to 
reflux. If a second voiding cycle is not performed, one 
might miss reflux into the ectopic system.3568 

It is important to image the bladder neck during void- 
ing in the female as well as the male. The presence of a 
spinning-top urethra in a school-aged girl may be an 
important indicator of dysfunctional voiding.” 4974 
Vaginal voiding should also be noted, which may be 
seen on the post-void views. 

In patients with a genitourinary sinus, the VCUG is 
modified to image the urethra and vagina simultane- 
ously. In this study, the genitourinary sinus is intubated 
with a blunt-tipped catheter (which can be made by 
trimming the cone-shaped end of a feeding tube) placed 
against the perineal opening. Contrast is injected retro- 


grade to identify the point where the vaginal introitus 
meets the urethra to form the genitourinary sinus. The 
genitourinary sinogram will help to differentiate a cervix 
from a prostatic utricle. If a cloaca is present, the sino- 
gram will provide detail about the position of the 
rectum, vagina, and urethra, and about the point of 
confluence and the distance to the perineum. !8.6.76 


Nuclear Cystogram 


Nuclear cystogram can be used in follow-up examina- 
tions in children with VUR. It can also be used as the first 
examination to screen for VUR in sisters of children with 
VUR. The nuclear cystogram may be quantitated by 
measuring the percentage of the bladder volume reflux- 
ing into the ureters during bladder filling. The percent- 
age of bladder filling when the reflux is first identified 
may also be an indicator of potential resolution of VUR. 
On subsequent examinations, improvement in VUR may 
be assumed if a smaller percentage of total bladder 
volume is refluxing into the ureter or if the reflux occurs 
at a greater percentage of total bladder filling.©2 


Radionuclide Renal Scan 


The radionuclide renal scan is measured in two 
phases: the cortical imaging phase and tubular imaging 
phases. Most radionuclide agents will demonstrate renal 
tubular as well as renal cortical binding. Radionuclide 
studies are suitable for demonstrating changes in tubular 
or cortical transit that result from abnormalities of renal 
perfusion, secretion, and filtration. In most cases, the 
radionuclide study is inferior to CT scans, MRI, or ultra- 
sound for demonstration of morphologic alterations. 
When a glomerular filtration excreted agent such as 
**Mechnetium diethylenetriamine-pentaacetic acid 
(DTPA) is given, an approximate estimation of glomeru- 
lar filtration rate (GFR) may be calculated, either in vivo 
by computer-aided scanning or in vitro with the collec- 
tion of one or two blood samples at predetermined time 
intervals. In addition, it is possible to calculate an 
‘extraction factor’, which estimates the single-kidney 
GFR during minutes 1 and 2 of the clearance of the 
radiotracer.*° The tracer ?°™technetium mercaptoacetyl- 
triglycine (MAG3) is secreted in part by renal tubular 
function, and may also be used to approximate relative 
renal plasma flow. If detailed imaging of the renal cortex 
is required to identify renal scarring, ?°™technetium 
dimercaptosuccinic acid (DMSA) may be given and the 
kidneys imaged 3-4 hours after the injection. 


Intravenous Pyelogram 


Despite the newer imaging techniques that are now 
available, the intravenous pyelogram (IVP) is useful in 
selected cases. The plain film of the abdomen should be 


inspected for calculi, spinal abnormalities, and an abnor- 
mal intestinal gas pattern. The nephrogram phase of the 
IVP identifies mass effects within the kidney and the pres- 
ence or absence of scarring following pyelonephritis. 
Subsequent views can sequentially assess the anatomy 
of the renal cortex, calyces, fornices, renal pelvis, ureters, 
bladder, and urethra.” Subtle anatomic variations in 
normal anatomy of the renal calyces or of the uretero- 
pelvic junction that may be confusing on ultrasound or CT 
scan may be clarified with the IVP. Contrast medium may 
persist in the collecting system for longer than 24 hours. 


Spiral CT Scan 


In most cases, the spiral CT scan has replaced the IVP 
as the first line of investigation for children with 
suspected stone disease. In addition, a CT scan with or 
without contrast is particularly important as an adjunct 
in children with suspected focal segmental bacterial 
pyelonephritis. CT scans are also particularly important 
in the diagnosis and staging of solid tumors of the chest 
and abdomen. Contrast-enhanced CT scanning is particu- 
larly useful in cases of nephroblastomatosis, where ultra- 
sound shows little displacement of the renal capsule. 


Gadolinium Enhanced MRI 


MRI has improved the imaging of the pelvic organs in 
children as in adults.>!5° Gadolinium enhanced MRI and 
magnetic resonance angiography (MRA) may provide 
the best three-dimensional image of the kidneys, ureters, 
and bladder in children. MRI has also been used to assess 
ureteral obstruction.!° Although not routine, MRA is 
increasingly used frequently in the evaluation and 
identification of the impalpable testis.*°?? 


Inflammation Seeking Isotopes 


Inflammation seeking isotopes (gallium citrate, 
'lindium-labeled white blood cells) may be helpful for 
determining the presence or absence of infection.?! 
These techniques may be used to identify and guide 
therapy for children with focal segmental bacterial 
pyelonephritis in whom the duration of therapy is uncer- 
tain. These are particularly useful in patients with abnormal 
renal anatomy or in patients with diminished renal func- 
tion in whom the DMSA scan may be less specific. 
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INTRODUCTION 


The incidence of vesicoureteric reflux (VUR) in the 
general population is less than 1%.? In children with 
urinary tract infection (UTD, the incidence is as high as 
29% to 50%.!! When reflux coexists with UTI and 
intrarenal reflux, the kidney is at risk for scarring, and 
this may lead to end-stage renal disease (ESRD). 
Progressive scarring following pyelonephritis clearly 
occurs in children, and is easier to detect in infants and 
younger children. Therefore, identification of VUR and 
correct management is important. However, it is impor- 
tant to note that some infants with severe VUR are born 
with renal dysplasia and have no history of UTI. 


DEFINITIONS 


VUR exists when there is retrograde flow of urine 
from the bladder upward toward the kidney. VUR occurs 
when there is an anatomic or functional abnormality of 
the usually competent ureterovesical junction. As a 
result of impairment of the one-way valve mechanism at 
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the ureterovesical junction (UVJ), there is retrograde flow 
of urine from the bladder into the upper urinary tract 
(ureters and kidneys). Reflux of infected urine into the 
upper urinary tract may result in acute pyelonephritis. 


EPIDEMIOLOGY AND GENETICS 


The indications for testing for VUR are shown in 
Box 42-1. Infants with prenatal hydronephrosis and VUR 
usually have high-grade reflux. In contrast to VUR diag- 
nosed following UTI, most children identified with VUR 
following antenatal hydronephrosis are boys. Up to 50% 
of children evaluated with a voiding cystourethrogram 
(VCUG) because of previous UTI have VUR. Toddlers, 
young children, and girls are more often diagnosed with 
VUR after UTI than older children and adults. There is a 
genetic predisposition to VUR. The likelihood that the 
sibling of a child who has VUR will have reflux demon- 
strated by VCUG evaluation is 40%. There is a 15% risk 
in each child of a mother with VUR diagnosed in her 
childhood. VUR is 10-fold more frequent in white than 
black children. 


PATHOGENESIS 


Primary reflux occurs when there is no obvious abnor- 
mality of bladder function. VUR can also be caused by high- 
pressure voiding and is called secondary reflux (Box 42-2). 


Box 42-1 Evaluation of VUR 


° During the assessment of prenatally diagnosed 
hydronephrosis 

e After an episode of UTI 

e After a sibling is diagnosed with VUR 


Box 42-2 Causes of Secondary Reflux 


e In boys 
e Posterior urethral valves 
e Prune belly syndrome 
¢ In boys and girls 
¢ Duplex ureters and trigonal distortion caused 
by ureteroceles 
e Neurogenic bladder caused by upper motor neuron 
or lower motor neuron diseases 
e Megaureter 
e Bladder or cloacal exstrophies 


The resolution of secondary VUR depends on 
improvement in the primary anatomical or functional 
abnormality such as by surgical incision of the urethral 
valve, or by reconstruction of the trigone following 
excision of a ureterocele. 

The anatomy of the renal papilla is important in 
preventing or promoting intrarenal VUR.8 Scarring 
following bacterial infection occurs most frequently at 
the polar regions of the kidney where the renal papillae 
are often confluent, thereby allowing intrarenal reflux 
(Box 42-3). Scarring does not occur in the absence of 
infection when voiding pressures are low. Renal scarring - 
the consequence of recurrent upper UTI - is called reflux 
nephropathy, and was previously known as chronic 
pyelonephritis. Reflux nephropathy is an important 
cause of ESRD. 


CLINICAL PRESENTATION 


History 


Carefully ask about the child’s voiding pattern. 
Dysfunctional voiding is suggested by hesitancy, urgency, 
or infrequent voiding as well as firm or small stools. 
High-pressure or dysfunctional voiding must be identi- 
fied before contemplation of surgery. Even minor 


Box 42-3 Factors Predisposing 


to Renal Scarring 


e Younger age 

e Delay in treatment 

¢ Recurrent infections 

e High-pressure reflux 

¢ Intra-renal reflux 

¢ Recurrent bacterial UTI 
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abnormalities of bladder function may have an impact on 
the severity or resolution of reflux. Symptoms of dysfunc- 
tional voiding such as urgency, frequency, and diurnal 
enuresis are frequent in children with VUR. A number of 
studies have shown that if children with equal grades of 
reflux and these symptoms are compared to those with- 
out symptoms of dysfunctional voiding, the rate at which 
reflux improves if the abnormal bladder activity is treated 
appropriately. 

If symptoms of dysfunctional voiding are present, 
care must be taken to improve the coordination of voiding 
before proceeding with any surgical treatment of reflux, 
because the failure rate following antireflux surgery in 
these children is greater.’ Therefore, we have established 
a center for the assessment and treatment of voiding 
dysfunction at The Children’s Hospital of Philadelphia. 
Many children with a history of UTI will have some degree 
of voiding dysfunction that must be controlled before 
surgery. Many patients with reflux and recurrent UTI 
will show a reduction in both the predisposition to 
infection and the grade of reflux volume with careful 
treatment of voiding dysfunction. 


DIAGNOSIS 


VUR is identified directly by voiding cystography. 
Iodinated contrast is instilled into the bladder for voiding 
cystourethrography (VCUG), or a radiopharmaceutical 
such as technetium (NVCUG) is used. Both studies 
require urethral catheterization and instillation of the 
agent until the bladder is full and the child voids. 
Alternatively, indirect radionuclide studies may be diag- 
nostic of high-volume VUR. Reflux is graded on a scale 
of I to V according to the classification developed by 
the International Reflux Study Group. Minimal VUR is 
grade I; grade V is the most severe form of reflux. Grades 
IV and V are called ‘dilating reflux’ because of the dila- 
tion of the upper renal tracts on the VCUG (Figure 42-1). 
Neonates with prenatally diagnosed hydronephrosis 
require postnatal renal ultrasonography and VCUG. Reflux 
in neonates is often high grade, and is more frequent 
in boys. 

The radiological evaluation for VUR is performed after 
the diagnoses of a first UTI. Renal ultrasonography is 
painless, radiation-free, and non-invasive, and is there- 
fore suitable for the initial evaluation of infants and 
children. Renal ultrasonography is obtained as soon as 
possible after diagnosis of UTI, especially if the child is 
toxic and admitted to hospital for intravenous antibiotic 
therapy. This is important because obstructive abnormal- 
ities of the upper urinary tract that may require surgical 
intervention must be identified. 

In boys, VCUG is the initial study because of the 
anatomic detail provided. Radionuclide studies are used 
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A 
Figure 42-1  Vesicoureteric reflux 
grades: (A) Normal; (B) Grade I; (C) 
Grade II; (D) Grade II; Œ) Grade IV; 
and (F) Grade V. 


for the follow-up of reflux because anatomical detail is 
less of a concern, and there is less exposure to radiation.’ 

The renal technetium °’™dimercaptosuccinic acid 
(DMSA) scan can help to diagnose and manage patients 
with VUR. DMSA scans permit quantification of the 
differential function of the kidneys, assessment of corti- 
cal defects indicative of scarring, and the visualization of 
low-uptake areas suggestive of acute pyelonephritis. 
Evidence of scarring at the time of diagnosis of the first 
UTI is present in up to 50% of children (Box 42-4). 


Box 42-4 Renal ‘Scarring’ may be 


due to a Number of Factors 


e Prior undetected infections that injured the 
kidney(s) 

¢ Initial infection damaged the kidney(s) 

e Refluxing kidney(s) are intrinsically abnormal at birth 
in the absence of infection 


Kidney 


Kidney 


MANAGEMENT 


The management of VUR is divided between medical 
and surgical therapy. Medical therapy is usually offered 
initially, while surgery is reserved for patients in whom 
medical management is unsuccessful (Figure 42-2). 
Antibiotic prophylaxis is provided whether or not surgery 
is contemplated. Antibiotics usually are administered 
continuously at a low dose, and are intended to prevent 
recurring infections. Children who develop break- 
through UTIs on prophylactic doses of antibiotics 
require further evaluation. 


Medical 


Medical management of VUR in the child is based 
on several observations that have evolved over the past 
40 years.'? 

The resolution rate for VUR depends on the initial 
grade. Approximately 80% of low-grade reflux resolves 
with medical management, but this may take many years. 


Vesicoureteric Reflux 343 


VUR GRADE I-II Antibiotic prophylaxis — Endoscopic correction — Open surgery 


Age 0-10y 


Unilateral and bilateral 


VUR GRADE III-IV Antibiotic prophylaxis — Endoscopic correction — Open surgery 


Age 0-5y 
Unilateral and bilateral 
Age 6-10y 


Unilateral 


VUR GRADE V Antibiotic prophylaxis - Endoscopic correction — Open surgery 


Age <1y 
Unilateral and bilateral 


VUR GRADE IllI-IV Endoscopic correction — Open surgery 
Age 6-10y 
Bilateral 


VUR GRADE V Open surgery 
Age 1-10y 


Unilateral and bilateral 


Higher grades of reflux resolve much less frequently. 
Approximately 50% of children have resolution of VUR 
grades I to III by 3.5 years after diagnosis. Grade IV VUR 
resolves much less frequently, with resolution in 50% of 
children projected to 11.5 years. The fact that there is at 
least an 80% overall resolution rate for low-grade reflux 
compared with a 20% overall resolution for high-grade 
reflux helps to decide which children require surgery.” 
Medical management is generally safe and effective in 
the absence of high voiding pressures. Medical and surgi- 
cal management of children with grades III and IV VUR 
were compared in a multinational prospective study (the 
International Reflux Study in Children). No advantage of 
surgical over medical treatment could be found with 
regard to renal scarring or renal function at the conclu- 
sion of the study.!? Sterile reflux does not cause renal 
damage in patients who have normal bladder function. 
The continuous administration of antibiotic prophylaxis 
is better than intermittent administration of antibiotics 
for preventing new renal injury in patients managed 
conservatively. Low-dose continuous antibiotic prophy- 
laxis is safe, although many parents are justifiably 
concerned about the possibility of adverse effects from 
long-term antibiotic prophylaxis. The risk of a break- 
through infection and subsequent renal scarring 
outweigh any potential deleterious antibiotic adverse 
effects. However, the use of prophylaxis for low-grade 
VUR in children with normal voiding is currently being 
challenged by trials that are examining this question. 


Figure 42-2 Treatment algorithm for vesicoureteric 
reflux (VUR). 


The standard of care at this time continues to be contin- 
uous low-dose antibiotic prophylaxis for all children 
with UTI who have any grade of VUR. 

The following factors are taken into consideration 
when considering the appropriate follow-up of a child 
on antibiotic prophylaxis for VUR: G) low-grade reflux 
tends to resolve whereas high-grade VUR tends to 
persist; Gi) unilateral VUR rather tends to resolve more 
often than bilateral VUR; and Gii) reflux tends to resolve 
more often with normal bladder function (Box 42-5). 


Surgical 


After a diagnosis of VUR, all children are placed on 
antibiotic prophylaxis and carefully followed. The more 
aggressive surgical approach is recommended: 
¢ when care-givers are considered unreliable with 

regard to follow-up visits or administration of 

prophylactic antibiotics; 
e for all patients with breakthrough UTI despite 
antibiotic prophylaxis. 

Endoscopic treatment of VUR by subureteral injection 
(STING) is a less invasive technique for correcting one of 
the most common pediatric urologic problems. The tech- 
nique is straightforward, and is usually performed as an 
outpatient procedure. It does require general anesthesia, 
but repeat injections may be required, particularly in 
patients with high-grade reflux. Endoscopic injection ther- 
apy has not yet become the procedure of choice for most 
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Box 42-5 Follow-up of a Child on 


Antibiotic Prophylaxis for VUR 


Serial imaging studies are used to follow the progress 
of the reflux; this is achieved by annual radionuclide 
cystography 

Upper urinary tract imaging by renal ultrasonography 
or by DMSA renal scanning is performed at less 
frequent intervals 

Younger children require serial imaging to follow 
renal growth and to detect any evidence of evolving 
renal scars 

A renal scar from a UTI may take months, or even 
years, to evolve 

The presence of a renal scar in an otherwise healthy 
child is of questionable significance 

The most sensitive technique for detecting renal 
scars is the DMSA renal scan 

It is unnecessary to obtain routine urine cultures 

in an asymptomatic child 

Urine culture is indicated whenever there is an 
unaccounted febrile illnesses 


patients with VUR despite the ease of treatment, obviation 
of an open incision, and minimal hospital stay. This is 
because two problems exist: G) until recently there has 
been no single implant substance that can provide the 
safety and durability; and Gi) it is less successful for high- 
grade reflux. 

Recently the substance Deflux® (Q-Med Scandinavia) 
has become available and FDA approved. This substance 
is extremely promising and may well increase the indica- 
tions for correction of low-grade reflux. 

A year after the first study follow-up, nuclear cystogra- 
phy is carried out to measure aspects of bladder function: 
¢ The bladder volume when the bladder is filled to 

capacity. 

e The bladder volume at which reflux is first noted. 
¢ The volume of urine refluxing into either ureter. 

Improved resolution rates are found in patients in 
whom reflux occurs only after the bladder is more than 
60% full, or if the volume of urine refluxing into either 
ureter is 2.6% of the bladder volume at capacity. If the 
child continues to have high-volume reflux early in blad- 
der filling, then surgical correction is considered. If high- 
volume reflux persists at the second study and the patient 
is not a dysfunctional voider, then again surgical correc- 
tion is considered. Although medical management in the 
absence of infection is safe, this may not be the most 
effective way to manage the patient with high-volume 
VUR. Even if symptoms of dysfunctional voiding do not 
exist in the patient with high-volume VUR, a prolonged 
period of medical management may be necessary before 
resolution can be expected. Surgical correction of VUR, if 
it becomes necessary later on, may be emotionally more 


difficult for an older child. Many families elect to proceed 
with surgery when faced with the prospect of numerous 
radiological studies and years of antibiotic prophylaxis 
without a guarantee of spontaneous resolution of VUR. 
The option for surgical correction is more attractive with 
the relatively less invasive technique of STING. 


Secondary Reflux 


The management of secondary reflux is directed toward 
the anatomical pathology. The reflux often improves as 
the bladder pressures return towards normal. Anti-reflux 
surgery should be performed only after careful evaluation in 
patients with posterior urethral valves, neuropathic bladder, 
or severe dysfunctional voiding. In these patients a vesicos- 
tomy is usually a better option than anti-reflux surgery. In 
many cases, high-volume VUR effectively improves capacity 
in the valve bladder, and should be allowed to remain as 
long as the patient does not have an upper UTI. 


PROGNOSIS AND OUTCOMES 


Children with VUR are followed for at least 1 year, 
regardless of their reflux grade. In many of these chil- 
dren the grade of reflux decreases with control of UTI 
improvement in voiding. Infants with high grades of 
reflux benefit from a period of monitoring because 
reflux improves most dramatically within the first year. 1° 
At the same time, the infant bladder increases in volume 
most rapidly during the first 18 months.!4 Infants with 
severe VUR void with high pressures, and this may 
become less evident with age. Anti-reflux surgery is safer 
and more effective when the severity of reflux decreases 
and bladder volume increases. 

Almost all patients undergo ultrasonography as the 
initial study to assess the shape of the kidney and the 
presence of scarring. The potential for renal failure 
is estimated using the echotexture of the renal 
parenchyma relative to the liver or spleen, and the pres- 
ence or absence of corticomedullary junctions correlate 
with future renal function. A renal scan is obtained to 
assess preoperative function and drainage if there is 
significant scarring, if the volume of renal parenchyma is 
small, or if the echo texture of the kidney is increased, 
or if the corticomedullary junctions are obscure. The 
kidney and ureter can be removed if the function is poor 
(<10%). In rare cases there is a secondary ureteropelvic 
junction (UPJ) obstruction. If there is a UPJ obstruction 
as well as VUR, this should be corrected prior to, or at 
the time of anti-reflux surgery if the obstruction appears 
to be primary. On the other hand, if the UPJ obstruction 
is secondary to high-grade VUR it must be carefully 
monitored after anti-reflux surgery.* The bladder volume 


must be adequate to allow for low-pressure storage 
following voiding whether attempting endoscopic or 
open repair of VUR. If the bladder empties poorly or is 
poorly compliant, then recurrent infections, progressive 
upper tract dilation or renal scarring may result. 
Attempts to correct reflux by any means usually fail if 
bladder capacity is reduced. 


MAJOR POINTS 


Vesicoureteric reflux is as much a medical as 

a urological problem. 

e Primary reflux may improve with maturation. 

e Secondary reflux usually does not improve with 
maturation. 

The symptoms and signs of UTI are non-specific in 
neonates and infants. 

¢ A UTI must be suspected in all infants and toddlers 
with persistent fever, lethargy, stomach upset, 

or vomiting. 

The diagnosis of UTI is best made on a urine 
specimen obtained by urethral catheterization.! 
There is no need to wait for 6 weeks after UTI 

to perform a VCUG. 

The VCUG can be performed safely as soon as the 
urine is sterile. 

Antibiotic prophylaxis is the cornerstone of manage- 
ment for children with VUR. 

Newly diagnosed patients with VUR should initially 
be given daily antibiotic prophylaxis. 

Low-grade reflux tends to resolve, whereas high- 
grade VUR tends to persist. 

Unilateral VUR rather tends to resolve more often 
than bilateral VUR. 

Reflux tends to resolve more often with normal 
bladder function. 

Sterile reflux does not cause renal scars but persist- 
ent reflux of infected urine may cause renal scarring. 
Patients fail medical management because of persist- 
ent reflux lasting into adolescence, breakthrough 
UTI, or failure to adhere to maintenance prophylactic 
regimens. 

Bladder training is imperative to promote the resolu- 
tion of VUR. 

Surgery is the initial treatment to prevent kidney 
damage for higher risk groups: older children, higher 
grades of reflux, breakthrough UTIs. 

Endoscopic correction is a less invasive approach for 
patients on antibiotics who continue to have reflux. 
A second injection is attempted if the first does not 
cure the reflux; however, open surgery is the next 
step if two injections fail. 
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INTRODUCTION 


The first sections of this chapter provide a basic 
science template for the etiology of intersex. However, 
it may be worthwhile to read the history, physical exam- 
ination, and evaluation descriptions first, and then begin 
again at the start of the chapter to keep this subject in 
perspective. 

Human sexual determination occurs in an organized, 
sequential manner (Box 43-1). Sexual differentiation is 
regulated by more than 50 different genes on both the 
sex chromosomes and autosomes. These genes encode 


Box 43-1 Human Sexual Determination 


e Chromosomal sex is established at fertilization and 
directs the undifferentiated gonads to develop into 
testes or Ovaries. 

e Phenotypic sex results from the differentiation of 
internal ducts and external genitalia under the 
influence of hormones and transcription factors 

e Intersexuality is the result of discordance among the 
processes of chromosomal, gonadal, or phenotypic 
sex determination 
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transcription factors, gonadal steroid and peptide 
hormones, and tissue receptors. The sex determination 
genetic cascade involves the SRY gene (sex-determining 
region on Y) as the testis-determining factor. Other 
upstream (SF-1, WI-1) and downstream (DAX-1, AMH, 
HOXA10) genes are also involved. The female phenotype 
represents the default pathway in sexual development. 
Failure of testis determination results in the development 
of the female phenotype. Genetic alterations resulting in 
partial testicular development cause a spectrum of abnor- 
mal masculinization. The timing of hormonal exposure 
is also critical to appropriate development. 


FEMALE PSEUDOHERMAPHRODITISM 
(FPH) 


FPH is the most common intersex disorder (Figure 
43-1). The ovaries and Miillerian derivatives are normal, 
and the sexual ambiguity is limited to virilization of the 
external genitalia. A female fetus is masculinized only if 
exposed to androgens. The degree of masculinization is 
determined by the stage of differentiation at the time of 
exposure (Figure 43-2). Masculinization also can occur 
secondary to exogenous maternal steroids.! 


Congenital Adrenal Hyperplasia (CAH) 


CAH accounts for most of the patients with FPH. 
Inactivating or loss of function mutations in five genes 
involved in steroid biosynthesis can cause CAH: CYP21/, 
CYP11B1, CYP17, HSD3B2, and StAR (Figure 43-3 and 
Table 43-1). All of these biochemical defects are charac- 
terized by impaired cortisol secretion, but only CYP21 
and CYPIIBI are predominantly masculinizing disor- 
ders. The female fetus is masculinized due to overpro- 
duction of adrenal androgens and precursors. Affected 
males have no genital abnormalities. 

HSD3B2, CYP17, and StAR deficiencies block cortisol 
synthesis and gonadal steroid production. These affected 
males have varying degrees of male pseudohermaphro- 
ditism (MPH) while females have normal external 
genitalia. Inheritance is autosomal recessive.*!9 


CYP21 (21 o-Hydroxylase) Deficiency 

The CYP21 gene is located within the major HLA locus 
on chromosome 6p21.3. HLA types are co-dominantly 
inherited, and can be used as a marker to distinguish 
homozygous, heterozygous, and unaffected individuals. 
Two CYP21 genes are located on chromosome 6 between 
HLA-B and HLA-DR. Recombination between CYP21B 
and the homologous but inactive CYP21A account for 
approximately 95% of 21 o-hydroxylase deficiency 
mutations.!? In the classic saltlosing 21 o-hydroxylase 
deficiency, gene deletions or conversions severely reduce 


the enzyme’s activity.!? Patients with simple virilizing 
21 o-hydroxylase deficiency have a conversion mutation 
(ile—Asn) causing severely decreased enzyme activity, 
but sufficient aldosterone production to prevent salt 
wasting. Non-classical CAH conversion mutations have 
20-50% of normal activity. Since some mutations cause 
more than one phenotype, other genes that code for 
extra-adrenal 21 o-hydroxylase activity may be involved. 

The identification of a fetus with a CYP21 deficiency 
by HLA typing of amniotic fluid cells in mothers with 
a previously affected offspring has led to mixed results 
of experimental prenatal treatment of CAH.!%:22 


CYP11B1 (11 B-Hydroxylase) Deficiency 

Cytochrome P450 is a terminal oxidase on the inner 
mitochondrial membrane. Two enzymes, CYP11B1 and 
CYP11B2, are encoded by two tandem and homologous 
genes at 8q21-22. CYP11B1 encodes 11 Bhydroxylase 
that converts 11-deoxycorticosterone to corticosterone 
and 11-deoxycortisol to cortisol. This gene’s protein is 
expressed in the adrenal zona fasciculata, and is prima- 
rily under the influence of corticotropin. CYP/1B2 
encodes for aldosterone synthetase that converts 
deoxycorticosterone (DOC) to corticosterone and 
18-hydroxycorticosterone to aldosterone. It is expressed 
in the zona glomerulosa, and is under the influence of 
angiotensin II and potassium. Cortisol deficiency results 
in increased secretion of 11-deoxycortisol, DOC, corticos- 
terone, and androgen by the adrenal gland. Hypertension, 
in two-thirds of patients, may be a consequence of excess 
DOC-induced salt and water retention. Excess androgen 
secretion in utero masculinizes the external genitalia of 
the female fetus. After birth, untreated males and females 
progressively virilize and have rapid somatic growth and 
skeletal maturation. 

There are 20 known mutations of the CYP11B1 gene. 
Although CYP11B1 and CYP11B2 are extremely homol- 
ogous, both genes are functional. Therefore in contrast 
to 21 o-hydroxylase deficiency, gene conversions are 
not the cause of impaired enzyme activity. Alterations 
with less enzyme activity usually result in more severe 
phenotypes, but heterogeneity can occur. Mutations in 
the CYP11B2 gene impair the conversion of DOC to 
aldosterone, causing hyponatremia, hyperkalemia, and 
failure to thrive, but do not affect virilization. This disor- 
der can be detected prenatally. and the masculinization 
of the fetus can be decreased by in-utero dexamethasone 
treatment. 


GONADAL DYSGENESIS 


Gonadal dysgenesis disorders comprise a spectrum of 
anomalies ranging from complete absence of gonadal 
development to delayed gonadal failure. Complete (pure) 
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Figure 43-1 The decision pathway of evaluation for intersex. 
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Figure 43-2 A 4G6XX patient with moderate masculinization 
due to congenital adrenal hyperplasia. 


gonadal dysgenesis includes failed gonadal development 
in genetic males and females due to abnormalities of sex 
or autosomal chromosomes. Partial gonadal dysgenesis 
refers to disorders with partial testicular formation at 
some point in development including mixed gonadal 
dysgenesis, dysgenetic MPH, and some forms of testicular 
regression. 


Complete Gonadal Dysgenesis (CGD) 


The bipotential gonad differentiates into an ovary if 
testicular formation fails. However, if an X chromosome 


Cholesterol 


Side chain cleavage 


17hydroxylase 


21ahydroxylase 


Deoxycorticosterone 


11Bhydroxylase 


Corticosterone 


Aldosterone synthetase 


18-OH corticosterone 


Aldosterone synthetase 


Aldosterone 


17hydroxylase 


17-OH pregnenolone 
17-OH progesterone 


21ahydroxylase 


11-Deoxycortisol 


11Bhydroxylase 


17,20Lyase 


Dehydroepiandrosterone 


17,20Lyase 


is present, the gonad develops into an ovary but then 
degenerates into a streak gonad with ovarian-like stroma 
and few or no germ cells. 


XY Gonadal Dysgenesis (XY Sex Reversal 
or Swyer Syndrome) 


This occurs secondary to the absence of testes, 
despite a Y chromosome. It is a heterogeneous condition 
that can result from deletions of the short arm of the 
Y chromosome. SRY gene mutations, alterations in auto- 
somal genes, or duplications of the DSS locus on the 
X chromosome.®!° Inheritance is X-linked recessive or 
male-limited autosomal dominant. The other genetic 
alterations that may cause this type of gonadal dysgenesis 
are WT-1, DAX-1, SOX-9, 10qdel, and 9pdel. 


46XX Pure Gonadal Dysgenesis 


This is characterized by normal stature, normal exter- 
nal and internal female genitalia, sexual infantilism, and 
bilateral streak gonads. It is a heterogeneous condition 
occurring sporadically or, when familial, as an autosomal 
recessive trait. A locus maps to chromosome 2p with 
a homozygous missense mutation for the follicular 
stimulating hormone (FSH) receptor gene. 


45X Gonadal Dysgenesis (Turner 
Syndrome) 


A 45X constitution may be caused by non-disjunction 
or chromosome loss during gametogenesis in either 


DHT 


Figure 43-3 The intersex steroid biosynthetic pathways, with responsible enzymes. 
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Table 43-1 Genetic Characteristics of Intersex Disorders 


Syndrome Karyotype Genital Phenotype Gene Locus 
21-Hydroxylase deficiency XX Virilized CYP21B 6p21.3 
11-Hydroxylase deficiency XX Virilized CYP11 (B1,B2) 8q21-22 
3 B-HSD deficiency XX Ambiguous HSD3B2 1p13.1 
XY 
17 o-Hydroxylase or XX Ambiguous CYP17 10q24-25 
17,20 Lyase deficiency XY 
17 B-HSD deficiency XY Ambiguous 17BHSD3 9q22 
Lipoid adrenal hyperplasia XX Female StAR 8p11.2 
XY Ovarian failure XX) 
Leydig cell failure XY Ambiguous ÞbCG/LH receptor 2p21 
Androgen insensitivity XY Ambiguous AR Xq11-12 
(Female - AIS 7) 
5 o-reductase deficiency XY Ambiguous, pubertal SRD5A2 2p23 
virilization 
Persistent Müllerian duct XY Male AMH 19q13.3 
AMH II receptor 12q13 
Gonadal dysgenesis: 
Complete XX Female FSH receptor 2p16-21 
45X, 45X/46XX Sexual infantilism X monosomy Paternal X loss 
XY SRY Yp53.3 
DSS (DAX-1) Xp 21-22 
SOX9 17q24.3-25.1 
WT-1 11p13 
Mixed 45X/46XY Ambiguous Unknown Unknown 
XY 
Dysgenetic MPH XY Ambiguous SRY Yp53.3 
45X/46XY DSS (DAX-1) Xp 21-22 
XH-2 Xq13.3 
WT-1 11p13 
SOX9 17q24.3-25.1 
SF-1 9q33 
True hermaphrodite XX Ambiguous SRY Yp53.3 
XX/XY Testis cascade Unknown 
XY Downstream genes 
Klinefelter’s syndrome 47XXY Variable androgen XY Sex chromosome 
46XY/47XXY Deficiency Non-disjunction 
Male sex reversal XX Ambiguous to normal SRY Y translocation to X 


parent resulting in a sperm or ovum without a sex chro- 
mosome. 45X/46XX mosaicism may be present in up to 
75% of Turner syndrome patients. Since approximately 
99% of 45X fetuses spontaneously abort, it is theorized 
that mosaicism may increase survival in Turner 
syndrome. Familial studies of X-linked traits indicate that 
loss of the paternally derived X chromosome is more 
common (77%). Maternal imprinting, however, does not 
appear to affect fetal survival in 45X™ individuals." 
Turner stigmata can be seen in patients with deletions 
involving the X or Y chromosomes. It is theorized that 
homologous genes that are not X-inactivated are present, 
and normally prevent the Turner phenotype. Other rare 
forms of X chromosome anomalies including mosaicism, 
trisomies, deletions, rings, or isochromosomes occur. 
These individuals usually have somatic stigmata that are 
less severe than classic 45X patients. 


Partial Gonadal Dysgenesis (PGD) 


PGD is a result of impaired testicular determination in 
the presence of SRY, resulting in partial gonadal dysgen- 
esis. The phenotypes vary including bilateral testicular 
dysgenesis (dysgenetic MPH), a testis and a streak gonad 
(mixed gonadal dysgenesis; MGD), and absence of one 
or both testes (testicular regression). The majority of 
MGD patients have a 45X/46XY karyotype, but 46XY is 
also seen. In contrast to patients presenting with genital 
ambiguity and mosaicism, 95% of prenatally detected 
45X/46XY mosaics have a normal male phenotype.?4 
This contradiction may be related to separate cell lines 
in the streak gonad and the testis. Mutations in the 
pseudoautosomal region of the Y chromosome upstream 
of the SRY gene have been identified in partial gonadal 
dysgenesis.!” Many of the previously discussed mutations 
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associated with CGD (WT-1, DAX-1, 10qdel) have also 
been reported in PGD, although the etiology of gonadal 
dysgenesis remains unknown in most cases. 


MALE PSEUDOHERMAPHRODITISM 
(MPH) 


MPH is a heterogeneous disorder in which testicles 
are present but the internal ducts and/or the external 
genitalia are incompletely virilized. The phenotype 
ranges from completely female external genitalia to mild 
male ambiguity, such as hypospadias or cryptorchidism. 
Causes of MPH are listed in Box 43-2. 


Leydig Cell Aplasia/Hypoplasia 


This autosomal recessive condition has a variable 
phenotype.! In its complete form, patients are 46XY, but 
are cryptorchid and phenotypically female. Wolffian 
structures are present due to the secretion of anti- 
Millerian hormone (AMH) by intact Sertoli cells. The 
underlying abnormality is a failure of Leydig cell differ- 
entiation secondary to an abnormal luteinizing hormone 
(LH) receptor (LHR).!3 LH is elevated, testosterone is 
markedly decreased, and FSH levels are unaffected. 
There is no testosterone surge on human chorionic 
gonadotropin (hCG) stimulation. This disorder high- 
lights the importance of LHR for Leydig cell growth and 
differentiation. The human LH/CG receptor (OBLHCGR) 


Box 43-2 Causes of Male 


Pseudohermaphroditism 


Leydig cell aplasia/hypoplasia due to hCG/LH 
receptor defect causes testicular unresponsiveness 
to hCG and LH 
e Enzyme defects in testosterone biosynthesis. Some 
are common to CAH (StAR, HSD3B2, CYP17, 
17-8 HSD3) 
e Androgen insensitivity syndrome caused by defects 
in androgen-dependent target tissues 
Defect in the enzymatic conversion of testosterone 
to DHT caused by 5 o-reductase deficiency 
Persistent Mullerian duct syndrome caused by 
defects in the synthesis, secretion, or response 
to anti-Mullerian hormone (AMH) or Millerian 
inhibiting substance (MIS) 
Testicular dysgenesis caused by aberrations 
in testicular gonadogenesis 
e Vanishing testes caused by primary testicular failure 
e Maternal ingestion of progesterone/estrogen or 
environmental toxins 


gene is mapped to chromosome 2p16-21. The variable 
phenotype is determined by the effect that the mutation 
has on the biological activity of the bLHCGR. Mutations 
in the receptor may affect either the extracellular 
binding domain or its signal transduction activity. More 
severe phenotypic abnormalities occur in patients with 
hLHCG receptors that are not expressed on the cell 
surface or fail to transduce the signal for hormone bind- 
ing. Leydig cell hypoplasia is a genetically heteroge- 
neous condition that may occur in the presence of an 
intact LH receptor gene.” 


Testosterone Biosynthesis Enzyme Defects 


Defects in four steps of the steroid biosynthetic path- 
way from cholesterol to testosterone may produce genital 
ambiguity in the male (see Table 43-1). 


StAR Deficiency 

Congenital lipoid adrenal hyperplasia is a rare, auto- 
somal recessive disorder caused by mutations in the 
StAR (steroidogenic acute regulatory) gene. !4 Mutation 
of the StAR gene on chromosome 8p11.2 severely 
disrupts the synthesis of all adrenal and gonadal steroids. 


3 B-Hydroxysteroid Dehydrogenase 
Deficiency (3 B-HSD) 


This results in impaired adrenal aldosterone and corti- 
sol synthesis, as well as gonadal testosterone and estra- 
diol formation. Male infants have variable degrees of 
MPH. Females commonly have clitoromegaly and mild 
masculinization. The masculinization is a result of conver- 
sion of the A5 precursors to testosterone via placental 
and peripheral tissue fetal 3 B-HSD. There may be salt 
wasting. 3 B-HSD2 is the isoenzyme responsible for this 
syndrome.”! Treatment with glucocorticoids is similar 
to that of 21-hydroxylase deficiency, and mineralo- 
corticoids are added to treat the salt-wasting forms. Sex 
steroid replacement may be necessary at puberty. 


CYP17 Abnormality 

The CYP/7 gene is located on chromosome 10q24.3 
Combined 17 a-hydroxylase and 17,20 lyase deficiency 
causes deficient production of cortisol and sex 
hormones.” Genetic females have sexual infantilism 
due to a lack of ovarian estrogen synthesis at puberty. 
Genetic males have a spectrum ranging from a normal 
female phenotype to an ambiguous hypospadiac male. 
Overproduction of 11-deoxycorticosterone (DOC) and 
corticosterone leads to hypertension, hypokalemic 
alkalosis, and carbohydrate intolerance. 

Genetic males with isolated 17,20 lyase deficiency 
also have variable degrees of incomplete masculiniza- 
tion. However, they do not suffer from the associated 
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abnormalities in cortisol secretion and hypertension that 
occurs in patients with combined 17 o-hydroxylase/ 
17,20 lyase deficiencies. They need to be monitored for 
hypertension, because 17 o-hydroxylase activity dimin- 
ishes with age. Studies reveal an accumulation of C21 
precursors combined with depressed C19 steroid levels. 
This disorder highlights the importance of 17,20 lyase in 
sexual maturation. Adrenarche, which occurs between 
ages of 8 and 10 years, involves the selective activation 
of 17,20 lyase leading to a dramatic increase in adrenal 
dehydroepiandrosterone (DHEA) synthesis without 
affecting cortisol/ACTH secretion or 17 o-hydroxylase 
activity. 17,20 Lyase activity of human p450c17 is 
approximately 30-fold greater with A5 substrates than 
with A4 substrates. Therefore, virtually all of the 
androstenedione is derived from DHEA by the action of 
3 B-hydroxysteroid dehydrogenase, and virtually all 
human sex steroid production is from DHEA. Only 
insignificant quantities of androstenedione are synthe- 
sized from 17-OH progesterone. Thus, these patients 
require only surgical repair of the external genitalia and 
sex steroid replacement at the time of puberty. 


17 B-Hydroxysteroid Dehydrogenase Deficiency 

There are five known isoenzymes of 17 B-HSD.’ Type 3 
17 B-HSD (9q22) catalyzes the reduction of androstene- 
dione to testosterone, and is expressed only in the testis. 
Different isoenzymes catalyze the isoreduction of estrone 
to estradiol and androstenedione to testosterone. These 
patients have elevated plasma androstenedione (up to 
10 times as high) levels, low plasma testosterone 
Cncreased androstenedione:testosterone ratio after hCG 
stimulation in prepubertal patients), elevated LH, and 
normal to high FSH levels. In these patients, more than 
90% of plasma testosterone is produced from the extra- 
gonadal conversion of androstenedione to testosterone, 
compared to <1% in normal males. Plasma dihydrotestos- 
terone (DHT) may be normal in some patients, suggesting 
conversion from androstenedione. 

The inheritance is autosomal recessive, and there 
is no evidence that the phenotypic expression of those 
affected with 17 B-HSD3 deficiency correlates with 
a particular 17 B-HSD3 gene mutation. Patients with 
17 B-hydroxysteroid dehydrogenase deficiency are 
usually 46XY males with ambiguous or female external 
genitalia and normal internal Wolffian structures, includ- 
ing inguinal testes and a blind vaginal pouch. This 
occurs because there is little or no peripheral conver- 
sion of androstenedione to testosterone and DHT during 
early gestation by the other 17 B-HSD isoenzymes. 
Additionally, increased aromatization of androstenedione 
to estrogen by the placenta may leave little substrate 
available for conversion to testosterone and DHT. These 
children are often raised as girls, but may virilize at 
puberty and adopt a male gender role, similar to that 


seen in 50RD-2 deficiency.!! At puberty, the expression 
of other 17 B-HSD isoenzymes in the peripheral tissues 
partially compensates for testicular 17 B-HSD3 deficiency; 
however, the phenotype is variable. Some patients 
develop gynecomastia at puberty, depending on their 
testosterone:estradiol ratio. 


5 o-Reductase Deficiency 


5 a-Reductase deficiency (SORD) is an autosomal 
recessive condition with variable phenotype.!° It was 
initially called ‘pseudovaginal perineoscrotal hypospa- 
dias’ because of the striking genital ambiguity/female 
external phenotype. Two 5 o-reductase isoenzymes 
share 50% homology. The 5aRD-1 gene (5p15) is extra- 
gonadal and is mostly expressed in the liver. The 
mutated gonadal 5@RD-2 gene (2p23) causes male 
pseudohermaphroditism. 


Androgen Insensitivity Syndrome (AIS) 


The broad phenotypic spectrum in these 46XY 
patients varies from normal female external genitalia 
(AIS7 or testicular feminization) to normal males with 
infertility (AISI) CFigure 43-4). This X-linked disorder 
affects 1 in 20,000 live male births. The androgen recep- 
tor (AR) gene is located in the pericentromeric region of 
the long arm of chromosome X at Xq11-12, and contains 
eight exons.*!> The 3’ region of exon 4 and exons 5 
through 8 encode the steroid-binding domain that 
confers ligand specificity. Binding of DHT or testos- 
terone to this receptor ligand-binding domain results in 
activation of the receptor. The majorities of AR gene 
mutations affect the steroid-binding domain, and this 
results in receptors that are unable to bind androgens or 
that bind androgens but exhibit qualitative abnormalities. 


Figure 43-4 Abdominal testis identified at time of inguinal 
hernia repair in a 46XY patient with complete androgen insensi- 
tivity syndrome. 
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Figure 43-5 Retained Miillerian structures in a 46XY patient 
with unilateral cryptorchidism and persistent Müllerian duct 
syndrome. FT = Fallopian tube; T = testis, Ut = uterus. 


Persistent Millerian Duct Syndrome 
[PMDS] (Hernia Uteri Inguinali) 


This is a rare autosomal recessive disorder that arises 
from a lack of AMH (or Mullerian inhibiting substance; 
MIS) action on the Miullerian ducts, resulting in the 
presence of Miillerian structures in a normally virilized 
XY male (Figure 43-5). PMDS is due to either a mutation 
in the AMH gene or from a defect in the AMH type II 
receptor.” The AMH gene is located on chromosome 
19p13.3. 


Dysgenetic Male Pseudohermaphroditism 
(46XY Gonadal Dysgenesis) 


Patients with dysgenetic gonads have ambiguous 
development of the internal genital ducts, the urogenital 
sinus, and the external genitalia (Figure 43-6). Mutations 
or deletions of any of the genes involved in testis deter- 
mination cascade can cause dysgenetic MPH. 


Figure 43-6 A 46XY patient with severe hypospadias and unilat- 
eral cryptorchidism due to dysgenetic male pseudohermaphroditism. 


SRY Mutations 


SRY is a single-exon gene located on the short arm of 
the Y chromosome near the pseudoautosomal region. 
Histological analysis of dysgenetic gonads of XY males 
revealed that those with normal SRY had some element 
of rete testis and tubular function, while those with SRY 
mutations had completely undifferentiated gonads simi- 
lar to those of 45XO individuals. SRY may have a direct 
role in testicular formation in addition to its indirect role 
in initiating the male differentiation cascade. 


DAX-1 Mutations 


Duplication of the DSS (Dosage-Sensitive Sex reversal) 
locus is associated with dysgenetic MPH and other anom- 
alies.!>?5 It maps to the Xp21 region that contains the 
DAX-1 gene (DSS-AHC critical region on the X chromo- 
some, gene 1). Mutations in DAX-/ can cause X-linked 
congenital adrenal hypoplasia and hypogonadotropic 
hypogonadism. 


ATR-X Syndrome 


This is characterized by 46XY dysgenetic MPH, mental 
retardation, and o-thalassemia. Mutations in the XH2 
gene at Xq13.3 have been described in this syndrome. 
Other chromosomal deletions have been reported 
(10q26-qter and 9p24-pter). 


Denys—Drash Syndrome (DDS) 


Male patients with DDS have ambiguous genitalia 
with streak or dysgenetic gonads, progressive nephropa- 
thy, and Wilms’ tumor. These patients have heterozy- 
gous mutations of the Wilms’ tumor suppressor gene 
(WT-T) on 11p13, and are usually missense mutations 
mostly in exon 9. Most WT-1 mutations in DDS occur 
de novo, and act as dominant-negative mutations. 


WAGR Syndrome 


The Wilms’ tumor, aniridia, genitourinary abnormali- 
ties, mental retardation (CWAGR) syndrome is also associ- 
ated with WT-1 alterations (heterozygous deletions). The 
genitourinary abnormalities anomalies in the WAGR 
syndrome are usually less severe than in Denys-Drash 
syndrome. 


Campomelic Dysplasia 


The SOX9 gene is associated with campomelic dyspla- 
sia, an often-lethal skeletal malformation, and dysgenetic 
MPH. The sex reversal locus maps to 17q24.3-25.1. 
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Affected 46XY males have phenotypic variability from 
normal males to normal females, depending on the func- 
tion of the gonads. The SOX9 protein is expressed in the 
developing gonad, rete testis, and seminiferous tubules as 
well as skeletal tissue. The SOX9 gene has 71% homology 
to the SRY gene. 


Vanishing Testes Syndrome 


Vanishing testes syndrome (congenital anorchia) 
describes the spectrum of anomalies resulting from cessa- 
tion of testicular function. Loss of testes prior to 8 weeks’ 
gestation results in 46XY patients with female external 
and internal genitalia with agonadism or streak gonads. 
Loss at 8-10 weeks causes ambiguous genitalia and vari- 
able ductal development. Loss of testis function after the 
critical male differentiation period (12-14 weeks) results 
in a normal male phenotype externally and internally, 
but anorchia. There are sporadic and familial forms of 
unilateral and bilateral anorchia, including discordant 
and concordant monozygotic twins. 


TRUE HERMAPHRODITISM 


True hermaphroditism (TH) requires the presence 
of both ovarian and testicular tissue in the individual. 
This uncommon condition may be classified into three 
groups: 

1. Lateral: testis and ovary (usually left). 

2. Bilateral: ovotestis and ovotestis. 

3. Unilateral (most common): ovotestis and testis 
or ovary. 

The genital development is ambiguous with hypospa- 
dias, cryptorchidism, and incomplete fusion of labioscro- 
tal folds. Genital duct differentiation generally follows that 
of the ipsilateral gonad. 

TH can result from sex chromosome mosaicism, 
chimerism, or Y chromosomal translocation.2> The most 
common karyotype is 46XX, followed by 46XX/46XY 
chimerism, mosaicism, and 46XY. Most 46XX TH are 
SRY-negative, and the genes responsible have not yet 
been identified. A mutated downstream gene in the 
sex determination cascade likely allows for testicular 
determination. 

While sex chromosome mosaicism arises from mitotic 
or meiotic errors, 46XX/46XY chimerism is usually a 
result of double fertilization (an X sperm and a Y sperm) 
or, less commonly, the fusion of two normally fertilized 
ova. Chimeric patients have two distinct cell popula- 
tions. The least common form of TH, 46XY, may result 
from a cryptic 46XX cell line or gonadal mosaicism with 
a mutated sex determination gene.” 


SEX CHROMOSOME ANOMALIES 


46XX Sex-Reversed Males 


One in 20,000 phenotypic males has a 46XX karyotype. 
Categories of 46XX sex reversal include classic XX male 
individuals with apparently normal phenotypes, non- 
classic XX males with some degree of sexual ambiguity, 
and XX true hermaphrodite. Some 80-90% of 46XX 
males result from an anomalous Y to X translocation 
involving the SRY gene during meiosis. The amount of 
DNA material involved in the exchange varies but, in 
general, the greater the amount of Y-DNA present, the 
more virilized the phenotype. However, 8-20% of XX males 
have no detectable Y sequences, including SRY. Most of 
these patients have ambiguous genitalia, but there are 
reports of classic XX males without the SRY gene. 


HISTORY AND PHYSICAL EXAMINATION 
OF INTERSEXUALITY 


The history must include the gestational age, inges- 
tion of hormones used in assisted reproductive tech- 
niques, or oral contraceptives during pregnancy. Obtain 
a family history of consanguinity, urologic abnormalities, 
neonatal deaths, precocious puberty, and infertility. 
Determine if the mother has signs of virilization or 
cushingoid appearance. Obtain information regarding 
antenatal ultrasound studies, and discordance between 
fetal karyotype genitalia (see Figure 43-6). 

Look for dysmorphic features of Turner syndrome 
such as a short broad neck, puffy hands and feet, and 
widely spaced nipples. The baby should be examined in 
a warm room while supine in the frog-leg position with 
both legs free. Note the width and stretched length 
measurements of an abnormal phallus. Describe the 
position of the urethral meatus and the amount of 
chordee (ventral curvature) and note the number of 
orifices: three in normal girls (urethra, vagina and anus), 
and two in boys (urethra, anus). A rectal examination is 
performed to palpate a uterus. With warmed hands, one 
should begin the inguinal examination at the anterior 
superior iliac crest and sweep the groin from lateral to 
medial with a non-dominant hand. Once a gonad is 
palpated, grasp it with the dominant hand and continue 
to sweep toward the scrotum with the other hand in an 
attempt to bring the gonad to the scrotum. Soap or 
lubricant on the fingertips can aid this examination. It is 
important to check size, location, and texture of both 
palpable gonads. An undescended testis may be found in 
the inguinal canal, the superficial inguinal pouch, at the 
upper scrotum or rarely in the femoral, perineal, or 
contralateral scrotal regions. One should also note the 
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Box 43-3 Differential Diagnosis Based 
on Whether or Not the Gonad 


is Palpable 


¢ If no gonads are palpable: 
¢ All four categories are possible FPH, MPH, GD, TH) 
¢ FPH is most frequent, then MGD 
¢ If one gonad is palpable: 
¢ FPH and PGD are excluded 
¢ MGD, TH and MPH remain possibilities 
¢ If two gonads are palpable: 
¢ MPH and rarely TH are the most likely 


Figure 43-7 Ultrasound investigation in newborn, showing 
large uterus filled with debris (between cursors) behind the bladder. 


development and pigmentation of the labioscrotal folds 
and any other congenital anomalies of other body 


systems. It is important to determine whether or not the e A computed tomography scan and a magnetic 
gonad is palpable (Box 43-3). Unless associated with a resonance imaging scan may help to delineate 
patent processus vaginalis, ovaries and streak gonads do the anatomy and identify a uterus (Figures 43-7 
not descend, while testes and rarely an ovotestis may be and 43-8) 

palpable. In 46XY boys, hypospadias and cryptorchidism ¢ A genitogram evaluates a urogenital sinus and the 
without an underlying intersex cause are a diagnosis of entry of the urethra in the vagina. A cervical 
exclusion only after a full evaluation. impression can be identified on the vaginogram 


e An open or laparoscopic exploration with bilateral 
deep longitudinal gonadal biopsies for histological 


LABORATORY STUDIES evaluation of infants in whom TH, MGD, or MPH is 
considered 
The following must be obtained in all patients: During the first 60 to 90 days of life there is a normal 
e Serum electrolyte concentrations, and levels of gonadotropic surge with a resultant increase in the 
17-OH-progesterone, testosterone, LH, and FSH testosterone level. Therefore, during this period one can 
(Box 43-4) forego the hCG stimulation for androgen evaluation. 


e An immediate karyotype 
¢ An ultrasound can detect gonads in the inguinal 
region, but is only 50% accurate for an intra- 
abdominal testes 


Box 43-4 Interpretation of 


Laboratory Values 


e Elevated 17-OH-progesterone level 
e 11-deoxycortisol and deoxycorticosterone levels 
help differentiate 21 o-hydroxylase deficiency from 
11 o-hydroxylase deficiency 
e Normal 17-OH-progesterone level 
e Testosterone to dihydrotestosterone (DHT) ratio 
and androgen precursors before and after hCG 
stimulation help elucidate the cause of MPH 
¢ Failure to respond to hCG plus elevated LH and 
FSH levels Á 
e Consistent with anorchia Figure 43-8 Contrast study demonstrating the uterus and right 
Fallopian tube in a 46XY patient. 
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TREATMENT OPTIONS 
AND INDICATIONS 


Female Pseudohermaphroditism 


Congenital Adrenal Hypoplasia 

First, correct dehydration and salt loss with elec- 
trolytes (excluding potassium) and fluid, and with miner- 
alocorticoid replacement.4 Glucocorticoid replacement 
is added upon confirmation of the diagnosis. Infants that 
are going to be raised as girls usually undergo clitoral 
reduction and vulvovaginoplasty in early infancy, but the 
timing of surgery is controversial and all aspects must be 
considered prior to making a decision. Many surgeons 
advocate early surgery for technical and psychological 
reasons and understand that vaginal revision may be 
needed after puberty. The three main aims of surgery are 
to reduce the size of the enlarged masculinized clitoris, 
to reconstruct the female labia, and to increase the open- 
ing and possibly length of the vagina. Surgical technique 
attempts to optimize the external appearance and func- 
tional size while maintaining adequate sensation. 
Clitorectomy to remove the entire clitoris and clitoral 
recession without reduction are no longer performed. 
Reduction clitoroplasty is the operation of choice for 
most infants with clitoromegaly. A vulvoplasty is carried 
out by extending the incision for the clitoroplasty on 
either side of the midline strip of tissue down to the level 
of the vaginal orifice. Redundant labial scrotal skin 
is brought down as preputial flaps to form the labia 
minora. 

The position of the vagina should be accurately deter- 
mined preoperatively by the genitogram. There are four 
main types of vaginal repair: a simple ‘cut-back’ of the 
perineum; a ‘flap’ vaginoplasty; a ‘pull-through’ vagino- 
plasty; or a more extensive rotation of skin flaps or 
segmental bowel interposition. 


Gonadal Dysgenesis 


A streak gonad does not descend, but may be palpa- 
ble as a small remnant of tissue in an inguinal hernia sac. 
If the testis is in the inguinal position, it can be removed 
using an incision in the groin, as for a traditional 
orchiopexy or hernia repair. If the gonad is in the 
abdomen - as is usually the case with the gonadal 
dysgenesis - then the treatment options include open 
abdominal exploration and removal of the gonads, or 
preferably a laparoscopic gonadectomy. When the 
anatomy is purely female, such as in Turner syndrome 
(Box 43-5) or Swyer syndrome (Box 43-6), no treatment 
may be necessary. These girls have sexual infantilism at 
puberty marked by absence of secondary sexual devel- 
opment. Since gonadoblastoma does not occur in the 
absence of Y chromosome material, removal of the 


Box 43-5 Features of 45X Gonadal 


Dysgenesis (Turner Syndrome) 


¢ The cardinal features include webbed neck, shield 
chest, short stature, cardiac anomalies (coarctation 
of the aorta), and sexual infantilism 

¢ Bilateral streak gonads are the rule, but primary 
follicles are found in the genital ridges of some 
45X individuals correlating with the rare occurrence 
of menarche 

* Conceptions are documented despite only 45X cell 
lines 


streak gonads is not required. Growth hormone is 
usually recommended early in childhood, and estrogen 
therapy is begun after puberty to optimize the height. 
Most are infertile, although there are reports of rare 
cases of spontaneous pregnancy. 

Noonan syndrome patients have Turner-like features, 
including short stature, webbed neck, and right-heart 
disease.”° They have a normal sex chromosome constitu- 
tion, often with cryptorchidism of hypoplastic testes. 
Puberty is delayed and there may be androgen deficiency. 
However, fertility may occur in the absence of crypt- 
orchidism. Most cases are sporadic, but there may be 
autosomal dominant inheritance. 


True Hermaphroditism 


Generally, a female sex has been assigned to most 
patients due to the presence of a vagina, uterus, and 
ovarian tissue. Less commonly, male sex assignment is 
more appropriate if the patient has a 46XY karyotype 
with adequate penile development and no uterus. The 
decision of sex of rearing should always be deferred 
until the child has had an adequate evaluation of his 
genitourinary system. Usually, the internal organs need 
to be visualized and the gonads biopsied. If raised as 


Box 43-6 Swyer Syndrome (Gonadal 


Dysgenesis, XY Female) 


¢ Point mutations or deletions of the SRY gene 

e In some cases there are changes in the X chromosome 

e Look like normal females at birth and appear to be 
normal females 

° Do not develop secondary sexual characteristics at 
puberty, have amenorrhea, and have streak gonads 


Pathogenesis, Clinical Features, and Management of Intersexuality 357 


a female, the child should have dysgenetic testicular 
tissue removed due to the risk of malignancy. A vagino- 
plasty can be performed early or deferred until puberty. 
If the child is raised as a boy, any degree of hypospadias 
or cryptorchidism must be repaired in infancy. 
Testosterone supplementation may be needed if the 
amount of testicular tissue is inadequate to begin or 
continue puberty. A persistent Müllerian duct, such as a 
uterus and Fallopian tubes, usually has not fully 
regressed and connects to the urethra near the bladder 
at the verumontanum. If the decision is made to rear the 
child as a boy, the structures are generally removed - 
taking care not to injure the vas deferens, which usually 
runs alongside the uterus. Extensive dissection behind 
the bladder neck and up to the area where the Miullerian 
structures insert into the urethra is usually contraindi- 
cated in order to avoid damage to the sphincter mecha- 
nism and risk incontinence. Both open and laparoscopic 
excision has been reported. Arguments for removal of 
the Müllerian structures include the possibility of cyclic 
hematuria post puberty, or the formation of stones or 
chronic urinary tract infections if continuity with the 
urethra is maintained and stasis occurs in a dilated 
Miullerian remnant. Arguments against removal maintain 
that complications from the structures are uncommon 
and their removal risks injury to the vas deferens, the 
bladder neck, and the urethral sphincter. 


Male Pseudohermaphroditism 


Decreased masculinization (hypospadias with crypt- 
orchidism or more ambiguous development) is seen in 
most patients with male pseudohermaphroditism. 


5 o-Reductase Deficiency 

These patients often have a clitoris-like phallus, 
severely bifid scrotum, and perineoscrotal hypospadias. 
Some patients have less severe genital ambiguity. Other 
findings are normal Wolffian structures, cryptorchidism, 
and a rudimentary prostate. In untreated patients with 
5 o-reductase deficiency, significant virilization occurs at 
puberty as testosterone levels increase into the adult 
male range, while DHT levels remain disproportionately 
low. The treatment of this enzyme deficiency is unclear 
when it is diagnosed in infancy. Male gender assignment 
has been recommended because the natural history of 
this deficiency is virilization at puberty with subsequent 
change to male gender. However, this decision requires 
surgical hypospadias repair and orchiopexy with male 
hormonal replacement. 

At puberty, the signs of virilization are increased 
muscle mass, deepening of voice, substantial growth of 
phallus, rogation, and hyperpigmentation of the scro- 
tum, and normal libido. They do not have gynecomastia 


or male pattern balding, facial hair is decreased, and 
their prostate remains infantile. Although these patients 
are usually oligo- or azoospermic, fertility can occur via 
intrauterine insemination. These patients are often 
raised as girls but adopt a male gender role at puberty. 
Therefore, they should be reared as males, if possible. 
DHT cream is applied to the genitals to induce growth 
of the phallus and facilitate hypospadias repair. DHT 
cream may also increase facial and body hair growth in 
adulthood. Early correction of cryptorchidism may theo- 
retically preserve fertility. Psychiatric counseling and 
parental reassurance that their child will have a normal 
male puberty is also critical. 


Persistent Mullerian Duct Syndrome 

The diagnosis is often made at surgery for crypt- 
orchidism or inguinal hernia repair. Patients with type I 
PMDS will have low or undetectable levels of serum 
AMH, whereas those with type II PMDS secondary to a 
defective AMH receptor will have high normal or 
elevated serum AMH levels. Treatment consists of orchi- 
dopexy. Leaving the uterus and Fallopian tubes in situ 
may be optimal, to avoid injury to the vas deferens. The 
retained Miullerian structures are not at risk for malignant 
degeneration. 


Dysgenetic Male Pseudohermaphroditism 

(46XY Gonadal Dysgenesis) 

Patients with dysgenetic testes rarely have fully 
masculinized external genitalia. The surgical issues 
depend on the degree of virilization in each individual 
case. This will also influence the decision process of sex 
assignment. If a 46XY infant with testicular dysgenesis is 
going to be raised as a male, he will need a hypospadias 
repair, orchiopexy, or possibly orchiectomy. Miullerian 
ducts have usually not fully regressed, and they may be 
fully or partially removed at the time of other repairs in 
order to facilitate orchiopexies. As previously discussed, 
retained female structures have the potential for urinary 
tract infections, stones or even cyclic hematuria at 
puberty. Dysgenetic testes may appear normal grossly, 
but microscopically they are disorganized and poorly 
formed; thus, a biopsy of the gonad is recommended 
in most children undergoing intersex evaluation. 
Currently, the recommendation is to remove an unde- 
scended dysgenetic testis because of the risk of malig- 
nancy. In 45X/46XY patients, if the biopsy is normal and 
the testis is scrotal or can be placed in the scrotum, it 
should not be removed, but a risk of malignancy corre- 
lates with the extent of testicular decent. Tumors have 
also been reported in scrotal dysgenetic testes. A scrotal 
testis needs to be followed very closely for this reason. 
The possibility for a male gender exists in these patients, 
who would need a hypospadias repair and yet would 
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Box 43-7 Diagnosis of Complete 
Androgen Insensitivity 


Syndrome 


e Usually diagnosed at puberty when there is 
amenorrhea 

e Occasionally discovered at the time of inguinal hernia 
repair 

e May be diagnosed when a prenatal karyotype 
does not match the external phenotype of the 
neonate 


require removal of severely dysgenetic testis and 
replacement hormones. 


Male CAH 

Affected boys with errors in testosterone production are 
undermasculinized, with varied degrees of hypospadias, 
cryptorchidism, bifid scrotum, or a blind vaginal pouch. 
For the patient reared as a boy, testosterone therapy may 
be indicated to augment penile size and to aid in the 
hypospadias repair. The natural history in some of these 
patients when untreated is virilization at puberty with a 
gender role change from female to male. Therefore, 
many recommend a male gender assignment diagnosis. 
Some enzyme deficiencies require glucocorticoid and 
mineralocorticoid replacement, and all of these patients 
need testosterone replacement at puberty for masculin- 
ization. Gonadectomy is required in 46XY patients raised 
as girls in order to address the risk of tumor formation. 
Traditionally, a child with complete AIS would be raised 
as a girl (Box 43-7). 


Androgen Insensitivity Syndrome 

If the child is to be raised as a female, then an orchiec- 
tomy is required. The testes are at risk for cancer devel- 
opment post-puberty, with an incidence of 5-10%. 
Seminoma is the most frequent tumor. The risks are 
greater in older patients and in those with complete AIS. 
In patients with partial AIS, orchiectomy is recom- 
mended as soon as the diagnosis is made in order to 
avoid further virilization in patients who will be raised as 
females. Male gender assignment is usually successful 
in patients with a predominantly male phenotype. 
However, predicting the adequacy of masculinization in 
adulthood may not be possible. Some children do 
respond well to high-dose androgen therapy, but its 
durability is not yet clear. 

The best time to perform the orchiectomy is contro- 
versial. Traditionally, in an infant with complete AIS, the 
testes are left in place until after puberty to take advantage 


of the hormonal function, and in this way, natural female 
pubertal changes can occur by testosterone conversion 
to estrogen. After puberty is completed, the testes 
would be removed and replacement estrogen begun. 
Risks with this approach are as follows: no cancers have 
been reported in prepubertal children, but carcinoma 
in-situ may occur. If the testes happen to be in the 
inguinal region, they can easily be injured. One also 
needs to explain to a mature post-pubertal patient of the 
need to remove the testes. Delaying the surgery also 
increases the risks of testis cancer if the patient is lost 
to follow-up care. If orchiectomy is performed early, 
replacement hormones are required for pubertal changes 
(Box 43-8). 

Up to 30% of dysgenetic testes may develop a tumor 
that is usually a benign gonadoblastoma. However, 
although this tumor does not spread, it can develop into 
a malignant dysgerminoma. Patients with a 45X/45XY 
mosaic karyotype also have an increased risk of carci- 
noma in-situ. Ultrasound is then performed yearly until 
the age of 20, when a repeat biopsy is performed. 

The patient whose hypospadias was repaired as a child 
should continue to be followed-up to identify and correct 
any long-term complications of the surgery. It is also 
important to document adequate control of voiding and 
the force of urinary stream. There appear to be no issues 
regarding fertility from a urethral point of view rather 
than that previously described for cryptorchidism. 

Girls who have undergone a feminizing genitoplasty 
require long-term follow-up for issues of menstruation, 
intercourse, and sensation. With a proper assignment 
of sex of rearing and a continued management with 
continuity of care, intersex individuals should be able to 
lead well-adjusted lives and ultimately obtain sexual satis- 
faction. 


Box 43-8 On-Going Treatment 


¢ Boys must be evaluated 1 year after orchiopexy 
for testes size, location, and viability 

¢ Starting at puberty, boys must be shown how 
to perform monthly testicular self-examinations 

e Parents should be made aware of the issues regarding 
cancer and infertility 

e The risks for malignant testicular tumor development 
in cryptorchidism are 22-fold that in the general 
population 

e Orchiopexy does not protect against testis cancer 
development but allows easier palpation for 
subsequent physical examinations 

e Some surgeons recommend ultrasound examination 
and biopsy of a testis at puberty 
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MAJOR POINTS 


Intersex is one of the most complex subjects in 
medicine. 

There are numerous emotional, psychological, social, 
endocrine, genetic and surgical problems. 

The important issue with any intersex evaluation is not 
to get bogged down by the vast range of possibilities 
in the differential diagnosis. 

Work slowly through the pathway based on the 
physical examination and laboratory findings. 

Many possible diagnoses will be removed from 
contention by this approach. 

The most common cause of genital ambiguity is 
deficiency of CYP21 (cytochrome P450,)). 

Some centers include screening for 17-hydroxy- 
progesterone levels at 3-5 days of life with screening 
for inborn metabolic diseases. 

1 in 14,500 infants are homozygous for the classic 
(simple [25%] or salt-wasting [75%]) forms of CYP21 
deficiency. !8?? 

1 in 60 infants is a heterozygote. 
A distinction must be made whether or not the 
gonad is palpable for purposes of differential 
diagnosis and treatment. 

Much current research is aimed at understanding the 
influence of androgens on fetal and newborn brain 
and its relationship to gender identity. 

Diagnosis and management is individualized. 

Starting immediately after birth, there must be a team 
approach including the neonatologist, nurses, social 
workers, pediatric urologist, endocrinologist, geneticist, 
and parents. 

It is important to individualize treatment whenever 
feasible. 

Issues that parents must discuss with the pediatric 
urologist, endocrinologist, geneticist, and psychiatrist 
are testosterone imprinting in utero, need for 
hormones pre- and post-puberty, degree of 
masculinization, function of the testis, and the 
extent of surgery. 

Comprehensive discussions among all the involved 
physicians, nurses and social workers and the 
parents must take into account parental anxieties, as 
well as their social, cultural and religious views in 
order to facilitate appropriate gender assignment. 
Treatment of the child with intersex should not end 
with the first postoperative visit. 
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Long-Term Management of Urolithiasis 


INTRODUCTION 


The diagnosis of urinary tract calculi is being made 
with increasing frequency in pediatric patients. 
Population-based studies from earlier decades reported 
urolithiasis at a much lower prevalence rate in children 
and adolescents than is true in middle-aged adults. !° 
However, recent appreciation that presenting symptoms 
may be different in children, combined with improved 
radiographic techniques used more liberally than in the 
past, have enhanced the recognition of urinary tract 
stones in young patients. The frequency of occurrence 
has been influenced by factors predisposing premature 
infants to nephrocalcinosis and urinary tract stones, as 
well as by advances in medical care that have resulted in 
the improved survival of increasing numbers of patients 
with medical conditions, such as cystic fibrosis, that are 
associated with urolithiasis. In addition, there is an 
increasing incidence of urolithiasis overall in industrial- 
ized countries in recent decades.!° The perception that 
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urinary tract calculi are uncommon in children and 
adolescents is changing. 


DIAGNOSIS 


Symptoms 


Symptoms of renal colic and gross hematuria, patho- 
gnomonic of urolithiasis in adults, are seen less reliably 
in children. Flank or abdominal pain or hematuria 
accounted for presenting features in 94% of adolescents, 
72% of school-age children, and just 56% of those 
from birth to 5 years of age with urinary tract stones 
(Figure 44-1). In younger children with pain, typical 
renal colic was the exception. Most reported or were 
observed to have non-specific, generalized abdominal 
pain. Indeed, among children aged up to 5 years the 
diagnosis of urolithiasis was made following a urinary 
tract infection, or as an incidental radiographic finding 
during the evaluation of other problems in 44% of the 
patients. !4 


Imaging of Urinary Tract Stones 


Imaging studies for the confirmation of urolithiasis 
should be performed whenever the diagnosis is under 
consideration. In North American series, 60-78% of 
urinary tract calculi are in the kidney at the time of diag- 
nosis.°!4 Of calculi found in the ureters, bladder, or 
urethra, the majority have originated in the kidneys. The 
bladder appears to be the site of stone formation in less 
than 10% of North American children, though in other 
areas of the world bladder calculi more commonly 
occur.® They are often referred to as ‘endemic bladder 
stones,’ and appear related to dietary factors in develop- 
ing countries. !© Calculi that form in the bladder in North 
American children are nearly always associated with 
bladder malformations or prior surgery such as augmen- 
tation cystoplasty, and are characterized by infection. 
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Figure 44-1 Presenting symptoms by age in children 
with urolithiasis. Reprinted with permission from Milliner DS, 
Murphy ME. Mayo Clin Proc 1993;68:241-248. 


The composition of stones reported in several pediatric 
series is calcium oxalate in 40-60%, calcium phosphate in 
15-25%, mixed (usually calcium oxalate and calcium phos- 
phate) in 10-25%, magnesium ammonium phosphate 
(struvite) in 15-30%, cystine in 6-10%, and uric acid in 
2-10%.14?226 Their appearance on radiographs varies from 
densely radiopaque (calcium oxalate and calcium phos- 
phate stones) to intermediate (struvite and cystine stones) 
to radiolucent (uric acid and xanthine) (Table 44-1). 

Plain abdominal radiographs readily demonstrate 
radiopaque stones in the kidney, along the course of the 
ureter, or in the bladder (Figure 44-2). Stones of inter- 
mediate density, such as cystine or struvite stones 
(Figure 44-3), may be difficult to see if small. Radiolucent 
stones, such as those comprised of uric acid, are not visi- 
ble. In order to visualize radiolucent stones by standard 
radiography, administration of intravenous contrast is 
needed, following which they can be seen as filling defects 
in the renal pelvis, ureter, or bladder. Ultrasonography of 
the kidneys and urinary tract is reliable for detection of 
stones in the kidneys, but less so for stones in the ureter 
or bladder. Ultrasonography provides valuable additional 


information regarding the presence or absence of 
hydronephrosis and can detect many structural malfor- 
mations of the urinary tract that may predispose to stone 
formation (Figure 44-4). Accordingly, it is an excellent 
screening tool. Non-contrast computed tomography 
(CT) scanning is sensitive in the detection of even very 
small stones and ureteral stones, provides visualization 
of stones of intermediate density and of most stones that 
are radiolucent by conventional techniques, and detects 
hydronephrosis when present (Figure 44-5). 

The importance of initial non-contrast images is illus- 
trated by Figure 44-6, in which a stone clearly evident on 
tomography is obscured by contrast in a patient with a 
ureteropelvic junction (UPJ) obstruction. When obstruc- 
tion of the urinary tract is suggested by symptoms, but is 
not confirmed on ultrasound or non-contrast studies, or 
when renal colic is suggested by symptoms but a respon- 
sible stone is not identified, repeat imaging following 
administration of a contrast agent should be considered. 
Confirmation of partial or complete obstruction by a 
urinary tract stone, as well as detailed anatomic informa- 
tion regarding the structure of the urinary tract, is 
provided by intravenous pyelography or by CT urogra- 
phy. In many centers, CT with or without urography has 
replaced the intravenous pyelogram (IVP) for the evalua- 
tion of pain or other symptoms consistent with urolithia- 
sis. Depending on the technique used, helical CT has the 
potential to result in higher radiation exposure than 
other imaging modalities. However, when performed 
with attention to the radiation dose, the radiation expo- 
sure can be minimized. Individualization of imaging is of 
importance to obtain the necessary diagnostic informa- 
tion with a minimum of radiation exposure. 


MANAGEMENT OF UROLITHIASIS 


Stones causing obstruction, acute renal colic, stones 
with a high potential for acute obstruction (e.g., a large 
stone in the renal pelvis), and infected stones may 


Table 44-1 Stone Composition and Radiographic Appearance 


Imaging Modality 
Stone Composition* % Radiography Ultrasound CT 
Calcium oxalate 50 Densely opaque iN Echogenicity with shadowing High density 
Calcium phosphate 20 Densely opaque iN Echogenicity with shadowing High density 
Struvite 15 Intermediate density T Echogenicity with shadowing Medium density 
Cystine 8 Intermediate density T Echogenicity with shadowing Medium density 
Uric acid 5 Radiolucent T Echogenicity with shadowing Low density 
Other 2-3 Variable T Echogenicity with shadowing” Variable™ 


*Mixed composition, most often Ca oxalate and Ca phosphate, is found in 10-25% of stones. 
*“Indinavir stones and matrix stones (which are rare) are radiolucent on radiographs. They are of low density on CT, and are difficult to distinguish from surrounding 


soft tissue by both CT and ultrasound. 
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Figure 44-4 Ultrasonographic image of a calcium oxalate stone 
(open arrow) in the right kidney of a 4-year-old boy with idiopathic 
hypercalciuria and congenital ureteropelvic junction obstruction. 
Characteristic acoustic shadowing (solid arrows) is seen below the 
stone, which is sufficiently dense to block the sound waves. The 
stone is not obstructing urine flow. 


Figure 44-2 Radiopaque calcium oxalate stones in a 13-year-old 
girl with primary hyperoxaluria, type I. Three stones are seen in 
the right kidney, and one in the left kidney. 


Figure 44-3 Cystine stones of moderate size (arrow) visualized B 
on nephrotomography in a 15-year-old with cystinuria. With stan- Figure 44-5 (A) Hydronephrosis of the left kidney of a 15-year-old 
dard radiography, cystine stones are much less dense than calcium- girl seen on non-contrast computed tomography. (B) A large dense 


containing stones. stone is obstructing the ureter at the level of the pelvis (solid arrow). 
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Figure 44-6 (A) A calcium oxalate stone in the pelvis of the right kidney readily seen on renal tomography is obscured by contrast (B) 
in the hydronephrotic right renal pelvis on the intravenous pyelogram in a 3-year-old boy. 


require surgical intervention and should be evaluated 
jointly with a urologist. Renal colic due to stones that are 
progressing down the ureter, and are of a size that may 
spontaneously pass, can be managed initially with hydra- 
tion, analgesics, and watchful waiting.?! If complete 
obstruction develops, or the stone does not pass within 
a few days, surgical intervention is likely to be needed. 
The range of effective surgical interventions continues 
to increase, and now even very young patients can often 
undergo extracorporeal shock wave therapy (ESWL), 
ureteroscopic lithotripsy or removal, or percutaneous 
ultrasonic lithotripsy procedures.?°!4 Open lithotomy is 
rarely required. Due to the potential for high-energy 
shock waves to permanently damage renal tissue, there 
has been concern regarding the possible long-term adverse 
effects of ESWL on the developing kidney. One study 
suggested impaired growth of kidneys in children follow- 
ing ESWL. However, most information with second- or 
later-generation lithotriptors does not suggest clinically 
significant renal parenchymal scarring, impaired growth, 
permanent renal function abnormalities, nor hypertension 
in children following ESWL treatment.” Information to 


date is still limited, however, particularly in children 
under the age of 6 years at the time of treatment. 

Small stones within the papillary tips or in the collect- 
ing system that are not causing obstruction and are not 
infected often remain asymptomatic for years and can be 
managed medically. The goal of most medical manage- 
ment is to prevent the formation of new stones, and the 
growth of existing stones. Only a few stones, such as 
those comprised of uric acid, can be reduced in size or 
dissolved with medication. For effective medical manage- 
ment, common approaches valuable for all stone-formers 
are used in conjunction with interventions specific to the 
individual patient’s stone profile. 

For all forms of urolithiasis, increased oral fluid intake 
to maintain a daily urine volume of greater than 750 ml 
in infants, 1000 ml in children aged under 5 years, 1500 ml 
up to the age of 10 years, and more than 2000 ml in 
preadolescence and adolescence is most helpful to mini- 
mize stone formation. The avoidance of dietary excesses 
of calcium, oxalate, and sodium is also important. 
However, strict reduction, particularly with regard to 
dietary calcium intake, may be problematic with respect 


to nutritional adequacy and normal growth. Reduction 
to the appropriate recommended daily allowance (RDA) 
for age for calcium, and not lower, is suggested, even in 
children with known hypercalciuria.?° Indeed, recent 
epidemiologic studies in adults suggest that a reduction 
in dietary calcium is associated with an increased likeli- 
hood of urolithiasis, perhaps due to greater absorption 
of dietary oxalate when less calcium is present in the 
intestinal tract. Dietary sodium limitation is of particular 
importance in patients with hypercalciuria and those 
with cystinuria.!? Diets very high in protein are disad- 
vantageous in stone-formers. A high dietary protein 
intake results in an increased urinary excretion of uric 
acid, calcium, and oxalate, and a reduced excretion of 
citrate and pH - all of which favor calcium oxalate 
urolithiasis.!© Ketogenic diets, used for the management 
of seizure disorders, also predispose to urolithiasis. 
Hypercalciuria, reduced urine citrate, and reduced oral 
fluid intake characteristic of such diets result in urinary 
tract stone formation in 3-10% of children receiving this 
form of therapy. In children on such diets who form 
stones, the benefit of the diet must be balanced against 
the risk of further urolithiasis. 

Treatment directed to address specific causes of stone 
formation in individual patients is based upon an evalua- 
tion of each patient for metabolic factors, obstruction, 
and infection (Table 44-2). In patients with no identifiable 
risk factors or modest abnormalities such as mild hyper- 
calciuria as an isolated finding, increased oral fluid intake 
combined with prudent diet recommendations is suffi- 
cient as initial therapy. The patient should then be moni- 
tored over time for additional stone formation. If further 
stone formation is documented despite these measures, 
medication treatment may be indicated. Patients with 
significant metabolic findings most often require medica- 
tion management of stone disease from the outset. 


CAUSES OF STONE FORMATION 


Among children and adolescents with urolithiasis, 
approximately 75% have identifiable predisposing causes 
for stone formation. From a compilation of studies that 
included 492 North American pediatric patients with 
urolithiasis, 4:22:26 metabolic causes accounted for 40%, 
urinary tract abnormalities 25%, and infection-related 
stones 10% (Table 44-3). In some pediatric studies, espe- 
cially from Europe, a higher proportion of patients have 
infection cited as the cause of urolithiasis. In most 
series, infants and young children more frequently have 
infection-related stones than do older children or adoles- 
cents. No contributing cause for stone formation Cidio- 
pathic) was able to be identified in 25% of patients. 
Adolescents account for the majority of those with idio- 
pathic stone disease. It is common to find more than one 
predisposing factor in a given patient (Figure 44-7).'4 
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Table 44-2 Treatment of Urolithiasis 


Type of Stone Disease Treatment 


All stone-formers High fluid intake 
Avoid dietary excess of calcium, 


sodium 


Hypercalciuria Limit dietary sodium 
Thiazides 


Citrate 


Hyperoxaluria Limit diet oxalate Gidiopathic, 
enteric hyperoxaluria) 

Neutral phosphate 

Citrate 


Pyridoxine (primary hyperoxaluria) 


Cystinuria Limit dietary sodium 
Urine alkalinization 
Mercaptopropionylglycine 
D-penicillamine 

Captopril 


Hyperuricosuria Limit diet protein to RDA 


Urine alkalinization 
Allopurinol 


Hypocitric aciduria Citrate 


Urine alkalinization 
Allopurinol 


Xanthinuria 


Antibiotic 
Removal of stone material from 
urinary tract 


Infected stones 


Alleviate obstruction 
Avoid infection 


Stones due to stasis/ 
obstruction 


Infection and urinary tract abnormalities frequently 
coexist, and are also frequently observed in conjunction 
with metabolic factors (see Figure 44-4). Infection by 
bacteria that produce urease (species of Proteus, 
Klebsiella, Staphylococcus, Pseudomonas, Ureaplasma, 
some anaerobes, and others) results in an increased 
urinary pH and increased urinary magnesium ammonium 
phosphate concentrations - conditions which favor the 
formation of struvite stones. Genitourinary tract abnor- 
malities favor stone formation by stasis or obstruction. 
However, the incidence of urolithiasis among children 


Table 44-3 Causes of Urolithiasis in Children 


Primary Cause Patients (%) 


Metabolic 40 
Stasis/obstruction 25 
Infection 10 
Idiopathic 25 
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Urinary tract 
abnormalities 
n=66 


Metabolic 
n=115 


Infection 
n=41 

Figure 44-7 Metabolic factors (n=115), structural abnormali- 
ties (n=66), and infection of the urinary tract (n=41) identified in 
221 pediatric and adolescent patients with urolithiasis.!* As illus- 
trated by the diagram, many of the patients had more than one 
predisposing factor. Concordance between urinary tract abnor- 
malities and infection was particularly high. A few patients demon- 
strated all three types of predisposing factor. 


with infected, obstructed, or structurally anomalous 
urinary tracts is low. Stone formation, when it does 
occur, is often influenced by coexisting metabolic abnor- 
malities. Thus, infected, obstructed, or structurally anom- 
alous urinary tracts do not obviate the need for careful 
metabolic assessment in all young patients who form 
stones. 

A complete assessment of stone-forming factors is 
indicated in all children and adolescents with urolithiasis 
due to the high likelihood of identifying causes for stone 
formation, the early onset, and the potential for many 
future years of stone-forming tendency. Because of the 
overlap among predisposing metabolic abnormalities, 
infection, and structural contributors, the assessment 
should always include a metabolic evaluation. 

High urinary concentrations of calcium, oxalate, uric 
acid, or cystine resulting from either increased renal 
excretion or low urine volume result in supersaturation 
of the urine for the respective crystal systems, thus 
favoring crystal and stone formation. In addition to 
the promoting effects of high solute concentrations, a 
role for naturally occurring urine inhibitors of crystal 
and stone formation is recognized.?*?> Some authors 
have suggested that higher concentrations of inhibitors 
in the urine of children than in adults may explain, in 
part, their lower incidence of stone disease.!” Citrate, 
magnesium, and pyrophosphate are the best defined of 
the naturally occurring inhibitors. A number of urinary 
macromolecules including glycosaminoglycans, osteo- 
pontin, and urinary prothrombin fragment 1 also appear 
to play a role in inhibition of stone formation, but as yet 
these are not well studied in children and adolescents.” 
Identification of the specific predisposing metabolic 


factors in each patient is of importance in developing 
the most effective therapeutic regimen. 


Patient Evaluation 


Recommendations for the initial evaluation of children 
or adolescents with urolithiasis are shown in Box 44-1.22,26 
Medical, family, and diet histories are included. An esti- 
mate of daily fluid intake is an important aspect of 
the dietary history, as is an estimate of the daily intake 
of salt, calcium, and oxalate. Inquiry should be made 
regarding use of over-the-counter food supplements, 
vitamins, minerals, or herbal preparations, as well as 
prescription medications. Serum levels of calcium, phos- 
phorus, uric acid, bicarbonate, sodium, potassium, crea- 
tinine, alkaline phosphatase, and albumin should be 
measured. Whenever stone material is available follow- 
ing spontaneous stone passage or surgical intervention, 
its composition should be determined. Urine analysis 
with determination of pH, osmolality or specific gravity, 
and the presence or absence of crystals, and a urine 
culture are needed. Urine concentrations and, whenever 
possible, excretion rates of solutes should be measured. 
Urine should be analyzed for calcium, oxalate, citrate, 
uric acid, sodium, cystine, creatinine, and total volume. 
In infants or young children or older children with devel- 
opmental delay, random urine specimens with solute 
to creatinine ratio can be useful. However, caution is 
advised since normal values for such ratios often vary by 
age, prandial state, and diurnal status. Whenever a child 
is able to cooperate, a timed 24-hour urine collection 
will provide more complete information, including 
assessment of daily urine volume. Completeness of the 
collection is assessed by the creatinine excretion rate in 
mg/kg per 24 hours. A metabolic evaluation should be 
performed while the patient is on his or her usual diet, 
usual fluid intake, and normal activity. The studies 
should not be performed shortly after ESWL or a stone 
removal procedure, and should not be conducted when 


Box 44-1 Evaluation of the Patient 


with Urolithiasis 


Medical and family history 

Diet history 

Radiographic appearance of urinary tract and stones 
Stone analysis 

Urine analysis and culture 

Serum potassium, bicarbonate, calcium, phosphorus, 
alkaline phosphatase, uric acid, creatinine 

Urine volume, pH, calcium, oxalate, citrate, phos- 
phorus, uric acid, sodium, cystine, and creatinine 
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Table 44-4 Urine Chemistry Normal Values in Children* 


Random Timed Comments 
Calcium <0.21 mg/mg creatinine <4 mg/kg/day Higher in infants 
Oxalate <0.15 mmol/mmol creatinine <0.45 mmol/1.73 m?/day Oxalate/creatinine ratios are higher in infants and 
young children and decrease progressively 
through early adolescence 
Citrate >300 mg/g creatinine >300 mg/g creatinine Higher in infants and younger children. Normal 
values not well defined in childhood 
Uric acid 3.3 mg/dl GFR’, in term infants; <815 mg/1.73 m?/day Age-dependent. Higher in infants 
<0.53 mg/dl GFR in children 
aged over 3 years 
Cystine <75 mg/g creatinine <60 mg/1.73m7/day Detects homozygotes and some heterozygotes 


“values provided are for children aged over 2 years, except where specified. 
*Uric acid exereted/GFR. 


the child is receiving intravenous fluids. If abnormalities 
are found, specific additional metabolic studies may be 
indicated. 

Normal values for urine analytes in children above 
2 years of age are shown in Table 44-4. Infants have 
higher analyte to creatinine ratios and higher excretion 
rates.2°7 Uric acid excretion rates vary with age during 
childhood.?’ Uric acid excretion can also be expressed 
as mg/dl GFR and determined on either a random or 
timed urine specimen. When expressed as mg/dl GFR, 
the normal range does not change from 3 years of age 
through adolescence.”’ Urine oxalate/creatinine normal 
values vary considerably by age,” but excretion rates, 
when determined as mg/1.73 m? per day, remain the 
same from 2 years of age through adolescence. 


Metabolic Factors Predisposing 
to Stone Formation 


The metabolic causes of urolithiasis are listed in 
Box 44-2. 


Solute Excess 

Hypercalciuria 

Hypercalciuria is the most common metabolic factor 
predisposing to stone formation, and is found in 30-50% 
of children with urolithiasis.?? Defined as >4 mg/kg per 
day of urinary calcium or as a urinary calcium/creatinine 
ratio >0.21 (higher in infancy), hypercalciuria occurs in 
3-4 % of healthy children,!° and can predispose to hema- 
turia, dysuria, urinary urgency, and perhaps urinary tract 
infections? as well as to urolithiasis. Causes of hypercal- 
ciuria are shown in Box 44-3. Most hypercalciuria is idio- 
pathic, and identified as an isolated finding. It may occur 
sporadically or it may be inherited. Inherited forms have 
been well described, and may account for up to 40% of 
patients with idiopathic hypercalciuria, with most data 


suggesting an autosomal dominant pattern.® The gene(s) 
responsible remains to be identified. Among children 
with idiopathic hypercalciuria, two subtypes have been 
described, one related to an enhanced gastrointestinal 
absorption of calcium (absorptive hypercalciuria) and 
the other related to reduced renal tubular reabsorption 
of calcium from the glomerular filtrate (renal leak hyper- 
calciuria).'4 ?7 The former subtype is characterized by a 
normal urine calcium/creatinine ratio in the fasting state 


Box 44-2 Metabolic Causes 


of Urolithiasis 


Solute excess 
e Hypercalciuria 
Isolated finding (idiopathic) 
Secondary 
Renal tubular transport disorders 
e Hyperoxaluria 
Idiopathic 
Enteric diseases 
Primary hyperoxaluria, genetic 
e Cystinuria 
e Hyperuricosuria 
Idiopathic 
Secondary to diet or medication 
Tumor lysis 
Myeloproliferative disorders 
Inborn errors of metabolism 
Lesch-Nyhan syndrome 
Partial hypoxanthine phosphoribosyl 
transferase deficiency 
Inhibitor deficiency 
e Hypocitric aciduria 
Metabolic acidosis 
Hypokalemia 
Renal tubular acidosis 
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Box 44-3 Causes of Hypercalciuria 


e Idiopathic 
e Sporadic 
e Inherited 
e Secondary 
Dietary calcium, sodium excess 
Corticosteroids 
Furosemide 
Vitamin D excess 
Phosphate depletion 
Immobilization 
Primary hyperparathyroidism 
Hypercalcemia 
Metabolic acidosis 
e Renal tubular transport disorders 
e Renal tubular acidosis 
e Dent’s disease 


with hypercalciuria following an oral calcium intake. 
Renal leak hypercalciuria is present in the fasting as well 
as the postprandial state. Oral calcium loading tests have 
been advocated to distinguish between the types, but 
these tests often do not allow clear separation. This is in 
part due to the confounding role of sodium in urine 
calcium excretion, and the recognition that some 
children identified as idiopathic hypercalciuria have 
sodium-dependent hypercalciuria related to a high 
dietary sodium intake. Other physiologic mechanisms 
have been postulated as responsible for idiopathic 
hypercalciuria, including a renal tubular phosphate leak, 
increased 1,25-dihydroxyvitamin D synthesis, increased 
renal prostaglandin E2 production, and enhanced bone 
resorption.” 

Among children with idiopathic hypercalciuria who 
do not have urolithiasis, the likelihood of develop- 
ing calculi was 13% in one 3-year follow-up study of 
30 patients, and 4% in a 4- to 11-year follow-up study of 
33 children.!?” The risk of urolithiasis appears to 
increase with age. In addition to urinary tract symptoms, 
idiopathic hypercalciuria may be associated with 
reduced bone mass. For children with hypercalciuria 
who develop urolithiasis or other symptoms, treatment 
with thiazides and avoidance of excess dietary salt is 
usually effective in reducing renal excretion of calcium. 

Secondary forms of hypercalciuria (see Box 44-3) are 
also common,?* and occur most often in response to 
dietary salt excess, to chronic use of corticosteroids, and 
to the administration of loop diuretics such as furosemide. 
Prolonged immobilization in children or adolescents 
or excess intake of calcium or vitamin D as well as high 
concentrations of circulating parathyroid hormone 
all predispose to hypercalciuria. Any cause of hypercal- 
cemia is likely to result in secondary hypercalciuria. 


Metabolic acidosis results in mobilization of calcium 
from bone, followed by excretion in the urine. In distal 
renal tubular acidosis (RTA), the deficiency in acid secre- 
tion leads to metabolic acidosis, which in turn results in 
hypercalciuria. Once the metabolic acidosis is fully 
corrected with exogenous administration of base, the 
hypercalciuria resolves. 

Rare, inherited forms of hypercalciuria include X-linked 
disorders related to mutations of the CLCN5 chloride 
channel.?4 Mutations of this channel have now been 
demonstrated in four conditions, previously described as 
separate clinical entities: X-linked nephrolithiasis with 
renal failure, Dent’s disease, X-linked recessive hypophos- 
phatemic rickets, and low molecular-weight proteinuria 
with hypercalciuria and nephrocalcinosis. All are now 
included under the term Dent’s disease. These conditions 
have in common hypercalciuria, nephrolithiasis, nephro- 
calcinosis, renal tubule dysfunction characterized by low 
molecular-weight proteinuria and impaired absorption of 
phosphorus, and progressive renal insufficiency.?4 
Affected males demonstrate proteinuria of renal tubular 
origin with particular elevation of retinol binding 
protein, and often develop nephrocalcinosis and/or 
urinary tract stones during childhood. Thiazides are effec- 
tive in reducing the hypercalciuria in Dent’s disease. 
Carrier females also occasionally develop clinical findings. 
Other rare, inherited disorders are associated with hyper- 
calciuria, including mutations of the calcium-sensing 
receptor leading to hypocalcemia and hypercalciuria, 
and familial hypomagnesemia-hypercalciuria.”° 


Ayperoxaluria 

Hyperoxaluria is observed in 2 to 20% of children and 
adolescents with urolithiasis.!4?? Mild idiopathic hyper- 
oxaluria may be seen, and elevations of urinary oxalate 
and calcium are frequently observed together in patients 
with idiopathic urolithiasis. A large dietary excess of 
oxalate may contribute to hyperoxaluria, though under 
normal circumstances less than 10% of dietary oxalate is 
absorbed and the majority of oxalate in the urine is 
derived from body metabolism. Diets low in calcium 
predispose to hyperoxaluria due to reduced binding of 
oxalate to calcium in the intestinal lumen, leaving 
oxalate free to be absorbed.!° Certain anaerobic bacteria 
are capable of metabolizing oxalate, populate the intes- 
tinal tract of healthy individuals, and may play a role in 
the disposition of oxalate in the intestinal tract. 
Definition of the role of such bacteria awaits further 
study. Abnormalities of the intestinal tract that result 
in malabsorption of fat typically result in enhanced 
absorption of oxalate, referred to as ‘enteric hyperox- 
aluria’.?? In these conditions, the binding of calcium by 
fatty acids leaves less calcium in the intestinal lumen to 
combine with oxalate, such that oxalate is absorbed 
more avidly. In addition, bile salts cause injury to the 


colonic epithelium, thereby promoting enhanced oxalate 
absorption. The degree of hyperoxaluria caused by enteric 
dysfunction can vary from mild to severe and is influenced 
by dietary content of both oxalate and calcium. 

The primary hyperoxalurias are associated with 
moderate to marked elevation of urine oxalate excretion 
due to inborn errors of metabolism.!> These autosomal 
recessive disorders are due to deficiency of hepatic 
alanine: glyoxylate aminotransferase (type D or glyoxy- 
late reductase/hydroxypyruvate reductase (type ID. Both 
of these enzymes are important in the metabolic disposi- 
tion of glyoxylate, a precursor of oxalate found in hepatic 
cells. When there is a deficiency of the activity of either of 
these enzymes, oxalate is formed in large amounts and 
must be eliminated by renal excretion. Due to the degree 
of the resulting hyperoxaluria and the presence of the 
abnormality from birth, primary hyperoxaluria is charac- 
terized by particularly aggressive stone formation. Over 
time, due to repeated stone episodes which can be 
complicated by obstruction and infection, nephrocalci- 
nosis, and other effects of oxalate on the renal tubular 
cells and interstitium, renal failure often results. The 
primary hyperoxalurias are the most severe of all forms of 
urolithiasis. They are rare, with type I accounting for a 
large majority of those reported to date. Approximately 
one-half of patients with type I primary hyper- 
oxaluria respond to pharmacologic doses of pyridoxine 
(vitamin B6), with reductions in the amount of oxalate 
produced. In the remaining patients with type I disease 
and those with type II disease, pyridoxine appears to have 
no effect. Other treatment approaches include the admin- 
istration of neutral phosphate or citrate, which inhibit 
calcium oxalate crystallization and stone formation in the 
urine.!° At present the inborn error of metabolism can 
only be corrected by liver transplantation in type I disease, 
and combined liver/kidney transplantation is often 
performed in type I patients with renal failure. 


Cystinuria 

Cystinuria accounts for 2-8% of stones in children 
and adolescents. An inherited defect in the renal tubular 
reabsorptive transport of cystine and the dibasic amino 
acids (ornithine, arginine, and lysine) accounts for the 
high concentrations of cystine in the urine of patients 
with this disorder.!? Stones composed of cystine form 
due to cystine concentrations that exceed solubility at 
usual urine volumes. The increased urinary concentra- 
tions of the other dibasic amino acids and the accompa- 
nying intestinal dibasic amino acid transport defects 
appear to be without clinical consequence. Cystine solu- 
bility is enhanced at an alkaline urine pH, such that alka- 
linization of the urine is an important component of 
treatment.” However, even at an optimal urine pH of 7, 
cystine solubility in the urine is limited to approximately 
1250 umol G00 mg) per liter of urine. Cystine excretion 
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increases with urine sodium excretion, such that low- 
salt diets are beneficial. For patients whose stone forma- 
tion cannot be adequately controlled with these 
measures and high oral fluid intake, the use of mercapto- 
propionyl glycine (Thiola) or D-penicillamine can be 
beneficial.° The use of captopril has been advocated, but 
results with this agent have been inconsistent.? 

The prevalence of cystinuria in the general popula- 
tion in the United States and Europe is estimated at 1 in 
7000. Three clinical subtypes have been described, based 
on the level of urinary cystine in obligate heterozygotes. 
Type I accounts for approximately 70% of patients with 
clinically evident cystinuria, and is completely recessive. 
Patients with type I/I show a mean cystine excretion rate 
of 4500 umol/g creatinine,’ with 50% or more developing 
stones within the first decade of life.’ Mutations of the 
SIC3AI gene on chromosome 2p encoding the rBAT 
protein which is important in dibasic amino acid trans- 
port have been shown to be responsible. Types II and III 
were identified by elevated cystine excretion in obligate 
heterozygotes, and are caused by mutations of the 
SLC7A9 gene on chromosome 19.!> Heterozygotes with 
type II/N have cystine excretion from 400 to 2400 mol/g 
creatinine, and may form stones. Those with III/N have 
lower cystine excretion and typically do not develop 
urolithiasis. Patients with types I/II and M/M have 
cystine excretion rates similar to those for I/I. Compound 
heterozygotes are common. Type I/M patients appear to 
excrete less cystine, and are unlikely to form stones within 
the first decade of life.” Other compound heterozygotes 
have not been as well studied. Due to immaturity of renal 
tubule function during infancy, the incomplete recessive 
nature of types II and II, and the complexity of compound 
heterozygosity, it is difficult to establish definitively the 
diagnosis of cystinuria prior to 1 year of age. 


Hyperuricosuria 

Hyperuricosuria is found in 2-10% of children with 
urolithiasis. Mild idiopathic hyperuricosuria may be a 
cause of hematuria,’ and is often found in conjunction 
with hypercalciuria.!477 A defect in renal tubular trans- 
port of uric acid, either due to reduced proximal tubular 
reabsorption or to increased secretion has been impli- 
cated. Idiopathic renal hyperuricosuria is often familial 
and asymptomatic. Secondary hyperuricosuria may 
result from diets high in protein, or to ketogenic diets 
and from medications including probenecid, salicylates, 
and citrate as well as pancreatic extract therapy in 
patients with cystic fibrosis.7’ It can be seen in associa- 
tion with diabetes and the syndrome of inappropriate 
secretion of antidiuretic hormone. 

Although uric acid crystals in the urine may contribute 
to urolithiasis by forming a nidus for calcium oxalate 
crystallization, uric acid stones are uncommon in child- 
hood. Uric acid stones, when they occur in children, are 
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generally due to marked overproduction of uric acid as 
occurs in tumor lysis syndrome, myeloproliferative disor- 
ders, or rare inborn errors of metabolism such as complete 
(Lesch-Nyhan syndrome) or partial deficiencies of 
hypoxanthine phosphoribosyl transferase PRT) enzyme 
activity. 


Other Solute-Related Causes 

Urinary tract stone disease in childhood or adolescence 
may result from urinary solute excess due to other rare 
inborn errors of metabolism including dihydroxyadenin- 
uria, xanthinuria, orotic aciduria, and alkaptonuria. 


Inhibitor Deficiencies 

Deficiency of urinary inhibitors may also predispose 
to urolithiasis.'427> Citrate is a naturally occurring 
inhibitor of calcium oxalate and calcium phosphate crys- 
tallization, and has been found in some series to be 
reduced in the urine of children with calcium stones 
when compared with healthy children. The administra- 
tion of potassium citrate has been shown to be of bene- 
fit in idiopathic stone-formers. Deficiency of urinary 
citrate occurs predictably as a result of hypokalemia, 
systemic or intracellular acidosis. However, in most such 
situations, the hypocitric aciduria is transient. In RTA, 
hypocitric aciduria persists until the metabolic acidosis 
is corrected. Interpretation of urinary citrate concentra- 
tions is complicated by the limited number of published 
studies of urinary citrate in normal children of various 
ages, and the fact that citrate is influenced by prandial 
state, dietary composition, and age. Pyrophosphate and 
magnesium in the urine are also known to act as 
inhibitors of calcium oxalate and calcium phosphate 
crystal formation. Deficiencies of pyrophosphate or 
magnesium have not been described as a primary cause 
of urolithiasis, although both neutral phosphates (which 
leads to increased urinary pyrophosphate concentra- 
tions) and magnesium have been used therapeutically to 
reduce stone formation. 

A variety of urinary macromolecules appear to inhibit 
calcium oxalate crystal formation. Those studied include 
glycosaminoglycans, osteopontin, nephrocalcin, and 
urinary prothrombin fragment 1, among others.” Relatively 
lower concentrations of some of these inhibitors have 
been observed in children who form stones when 
compared with healthy children.?> However, there is 
controversy regarding the role of urinary macromolecules 
in clinical disorders of stone formation.” 


Clinical Conditions Associated with Urolithiasis 

Lithogenic factors are associated with certain clinical 
conditions (Box 44-4). Premature infants are at risk 
of nephrocalcinosis and nephrolithiasis (Figure 44-8). 
In three prospective studies, renal calcifications occurred 


Box 44-4 Clinical Conditions Associated 


with Urolithiasis 


e Prematurity 

¢ Inflammatory bowel disease 

e Cystic fibrosis 

e Glycogen storage disease 

e Medullary sponge kidney 

e Autosomal dominant polycystic kidney disease 
e Distal RTA 


in 64%, 16%, and 27% respectively of infants born at less 
than 1500 g or less than 32 weeks’ gestation. !20 The 
likelihood of renal calcification appears greater in smaller 
infants, in those receiving furosemide or post-natal corti- 
costeroids, with a longer duration of mechanical ventila- 
tion and parenteral nutrition, of white race, and with a 
family history of urolithiasis.!°!! Metabolic disturbances 
including hypercalciuria, hypophosphatemia and hyper- 
calcemia (both of which can induce hypercalciuria), and 
hyperoxaluria related to parenteral nutrition have been 
implicated. 11-16-20 Abnormalities of urine composition 
related to renal tubule immaturity may also play a role. 
Nephrocalcinosis resolves in approximately half of the 
patients, and new stone formation appears to cease with 
renal maturity. However, longer term studies performed 
at 4 to 12 years of age in very low birth weight children 
who had a history of renal calcifications demonstrated 
reduced ammonium excretion in response to furosemide, 
hypercalciuria, and hypocitric aciduria when compared 
with a control group of children born at term.!® At the 
time of study, 18% of the children still had renal cortical 
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Figure 44-8 Ultrasonography showing dense renal medullary 
pyramids characteristic of nephrocalcinosis in a premature infant. 


hyperechogenicity and 9% had urolithiasis. Whether the 
persistent abnormalities are the long-term result of renal 
tubular immaturity at birth, secondary to renal damage 
from nephrocalcinosis, or due to other factors remains 
to be established. 

Inflammatory bowel disease and other diseases of the 
gastrointestinal tract associated with malabsorption can 
cause hypocitric aciduria and hypomagnesuria due to 
loss of bicarbonate and magnesium in the stool, hyper- 
oxaluria from enhanced enteric oxalate absorption, 
hyperuricosuria due to increased cell turnover, and 
low urine volume because of diarrhea. These factors 
result in both reduced inhibitor activity and high solute 
concentrations in the urine. Urolithiasis and nephrocal- 
cinosis occur with greater frequency in patients with 
cystic fibrosis when compared with healthy children 
and have been attributed to hyperoxaluria, hypo- 
citric aciduria, and to increased urine uric acid related 
to large doses of pancreatic enzyme replacement. 
Hypercalciuria is also sometimes found in this patient 
group. Renal tubular damage related to antibiotic treat- 
ment has been implicated by some authors as a 
contributing cause. 

Distal RTA results in hypocitric aciduria, hypercalci- 
uria, and high urine pH. Multiple calcifications comprised 
of calcium phosphate and/or calcium oxalate in the 
region of the papillary tips of the kidneys are typical and 
are seen with both incomplete and complete forms of 
distal RTA. Hereditary forms of distal RTA are well 
described, some associated with deafness or osteopetro- 
sis. Mutations in the red cell anion exchanger (Band 3, 
AE1) gene have been confirmed in several reported fami- 
lies. Secondary distal RTA such as occurs in Wilson’s 
disease and Sjogren’s syndrome has also been associated 
with urolithiasis. Hypercalciuria and hypocitric aciduria 
(which worsen with age) and distal RTA have been impli- 
cated in the nephrolithiasis associated with type la glyco- 
gen storage disease. Although proximal renal tubular 
acidosis is associated with hypercalciuria, urine citrate 
concentrations are usually normal and may protect against 
stone formation. Urolithiasis is not typically associated 
with proximal RTA, nor with type IV RTA. 

Medullary sponge kidney is frequently associated 
with recurrent calcium urolithiasis. Hypercalciuria, 
hypocitric aciduria, incomplete RTA, and increased 
urine pH have been variably observed in such patients. 
Patients with autosomal dominant polycystic kidney 
disease have an increased likelihood of stone formation. 
Hypocitric aciduria, hypercalciuria, and hyperuricosuria 
are observed in this clinical setting. Thin basement 
membrane nephropathy is associated with hypercalci- 
uria, hyperuricosuria, and resulting nephrolithiasis. 
Urolithiasis and nephrocalcinosis have also been 
observed in association with cystinosis. 
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Pharmacologic Agents Causing Urolithasis 

Pharmacologic use of a variety of medications can 
result in urolithiasis (Box 44-5). Calculi may result from 
excretion of the medication or a metabolite into the 
urine at concentrations that exceed solubility, or they 
may occur due to secondary metabolic effects. The 
protease inhibitor indinavir, which is used widely in the 
treatment of human immunodeficiency virus (HIV), 
precipitates in the urine as crystals and stones. It is the 
parent drug that is poorly soluble in the urine at a pH of 
greater than 5 and forms radiolucent stones. The indi- 
navir crystals or small stones may also act as a nidus for 
calcium oxalate or calcium phosphate, and can be asso- 
ciated with stones of mixed composition that may be 
radiopaque. Urinary tract stones have been observed in 
2 to 28% of patients treated with this agent, and are 
frequently associated with ureteral obstruction and 
colic. There are a number of such reports in children. 
Due to the radiolucent nature of indinavir stones, they 
are not visible on non-contrast renal tomography, and 
their similarity to the density of soft tissue makes them 
difficult to see on CT scanning. Ultrasonography, intra- 
venous pyelography, or CT urography may be needed to 
demonstrate indinavir stones and associated ureteral 
obstruction. Dissolution of stone material may be 
observed with discontinuation of indinavir, increased 
fluid intake, and urine acidification. Other medications 
that can precipitate to form urinary tract stones are 
ceftriaxone, sulfonamides, triamterene, guaifenesin, 
phenazopyridine, and acyclovir. Urinary tract stones are 
rarely observed with these agents. 

Carbonic anhydrase inhibitors, which are administered 
for the management of epilepsy and glaucoma (among 
other uses), result in alkaline urine, reduced urine citrate, 
and hypercalciuria. Agents of this class - including 
zonisamide, topiramate, and dorzolamide - have been 


Box 44-5 Pharmacologic Agents 


Associated with Urolithiasis 


e Urinary excretion of agent with low solubility 
¢ Indinavir 
¢ Sulfonamides 
¢ Ceftriaxone 
¢ Triamterene 
¢ Guaifenesin 
e Pancreatic enzymes 
e Metabolic effects 
¢ Furosemide 
e Corticosteroids 
e Carbonic anhydrase inhibitors 
e Vitamin D 
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reported to be associated with calcium phosphate and 
calcium oxalate urolithiasis in children. Corticosteroids, 
calcium supplements, vitamin D and its analogues are 
associated with hypercalciuria, and can predispose to 
stone formation. Aminophylline results in hypercalci- 
uria, alkaline urine, and phosphaturia countered, in part, 
by its diuretic effects. 


Infection as a Lithogenic Factor 


Urease that is produced by certain strains of bacteria 
leads to hydrolysis of urea, with resulting production of 
ammonium and bicarbonate ions in the urine. In the 
presence of the increased pH, dissociation of phosphate 
occurs; with supersaturation of the urine for magnesium 
ammonium phosphate (struvite) and subsequent precip- 
itation of stone material.?? A variety of bacterial species 
produce urease, including Proteus, Staphylococcus, 
Klebsiella, Providentia, Pseudomonas, Ureaplasma 
urealyticum, and some anaerobes. A particular calcu- 
lous encrustation of the pelvis of the kidney has been 
observed with Corynebacterium urealyticum infection, 
another urea-splitting organism. This encrusted pyelitis 
is typically observed in immune-suppressed patients 
(e.g., after renal transplantation), and may be associated 
with significant compromise of kidney function. 

Although infection with urease-producing organisms 
can produce de-novo urolithiasis, most often the infection 
exacerbates underlying metabolic factors. With careful 
evaluation, 30-60% of patients with struvite or other infec- 
tion stones can be also be demonstrated to have metabolic 
factors predisposing to stone formation.!4 Stasis due to 
urinary tract abnormalities also predisposes to infection. 

Chronic bacteriuria can be a troublesome cause of 
stones. Struvite may deposit rapidly, and often forms 
staghorn calculi. It is difficult to eradicate infection as the 
bacteria reside in the interstices of the stone where anti- 
biotic does not penetrate well. Bacteriuria quickly recurs 
when antibiotics are discontinued. Less than half of 
patients with infected staghorn calculi are rendered stone 
free by ESWL, and retained stone fragments are a nidus for 
early recurrence. Combined procedures, which may 
include percutaneous ultrasonic lithotripsy, are often 
needed. Any manipulation of infected stone material, but 
ESWL in particular, may distribute bacteria into the urinary 
tract and precipitate pyelonephritis. The use of parenteral 
antibiotic is advisable immediately prior to and following 
ESWL of stones known or suspected to be infected. 


Structural Abnormalities of 
the Urinary Tract 


Structural abnormalities of the urinary tract, whether 
congenital or acquired, are often associated with stasis 
of urine. Stasis predisposes to stone formation and to 


infection by compromising the normal continuous flow 
of urine in the upper tracts and the regular and complete 
emptying of urine from the bladder. Urolithiasis has been 
associated with a wide range of structural abnormalities 
including calyceal diverticulae, medullary sponge kidney, 
ureteropelvic junction obstruction, horseshoe kidney, 
ureteroceles, primary megaureters, posterior urethral 
valves, and the bladder extrophy-epispadius complex. 
Enterocystoplasty and urinary diversion employing intes- 
tinal mucosa are particularly prone to local formation of 
stones, with 30-50% of patients with enterocystoplasty 
reported to form bladder stones.!? The difficulty in erad- 
icating bacteria from the enteral mucosa, stasis, an alka- 
line urine pH due to infection or to exchange of chloride 
for bicarbonate across the mucosa, and the presence of 
mucous in the bladder all favor stone formation.!? 
Foreign bodies such as sutures or staples or indwelling 
stents also can act as a nidus for stone formation. 
However, with the exception of enterocystoplasty, 
the overall incidence of stones in children with struc- 
turally anomalous, obstructed, or infected urinary tracts 
is low, on the order of 1-5%.!4 This suggests that while 
stasis and infection promote stone formation, children 
who form stones may also have underlying metabolic 
abnormalities. Hypercalciuria, hyperoxaluria, or hypo- 
citric aciduria have been identified in 60-80% of patients 
with structural abnormalities of the urinary tract and 
urolithiasis, and in 30-60% of those with infected stones 
in whom a metabolic evaluation was performed. For 
example, patients with myelodysplasia often have 
impaired bladder emptying, recurrent urinary tract infec- 
tions, and hypercalciuria from relative immobility. Partial 
obstruction can result in deficient renal acidification 
with accompanying hypocitric aciduria. Accordingly, 
complete metabolic evaluation is just as important in 
children with structural abnormalities of the urinary 
tract or infection related stones as it is in those without. 


LONG-TERM MANAGEMENT 
OF UROLITHIASIS 


Treatment should be directed to the patient’s individ- 
ual predisposing factors (see Table 44-2). Evaluation of 
metabolic stone-forming activity over time, as deter- 
mined by growth in the size of existing stones or the 
formation of new stones, is an important aspect of 
management. Periodic renal imaging is needed, the 
frequency of which will depend upon the type and 
number of stones and the severity of the abnormalities 
detected. In most circumstances, and in the absence of 
symptoms or infection, once yearly or every other year 
imaging is sufficient. Patients with significant metabolic 
problems such as primary hyperoxaluria, cystinuria, 
marked hypercalciuria, and those with infected stones 


(which can develop and grow quickly) may require 
more frequent evaluations. Ultrasonography has the advan- 
tage of visualization of radiolucent as well as radiopaque 
stones, detection of hydronephrosis, and the absence of 
radiation exposure and is preferred for most routine 
follow-up assessments. However, lack of sensitivity for 
detection of small stones, difficulty in comparing size of 
individual stones over time, lower sensitivity for visualiza- 
tion of ureteral stones, and the possibility of obstruction in 
the absence of hydronephrosis will at times dictate other 
imaging modalities. During follow-up, acute symptoms 
should prompt re-evaluation, including imaging studies. 
Urolithiasis in children and adolescents, like that in 
adults, frequently recurs. Recurrence rates of 20-40% have 
been reported with variable follow-up periods. In one 
study of 221 children followed for a mean of 59 months 
(median 36 months), 67% demonstrated two or more 
stones during initial evaluation and follow-up.!4 Because 
of the usual persistence of underlying metabolic 


MAJOR POINTS 


Urolithiasis occurs in children and adolescents of all 
ages, and should be included in the differential diag- 
nosis of hematuria, flank or abdominal pain, and 
urinary tract infection. In children aged less than 

5 years, non-specific abdominal symptoms are more 
common than pain with features of renal colic. 

The majority of urinary tract stones in children and 
adolescents are formed in the kidneys and are 
composed of calcium oxalate. 

Stones causing obstruction or acute renal colic, 
stones with a high potential for obstruction, and 
infected stones may require surgical intervention and 
should be evaluated jointly with a urologist. Other 
stones can be managed medically. 

Metabolic abnormalities, infection, and urinary stasis 
or obstruction predispose to formation of urinary 
tract calculi. One or more of these factors are found 
in the majority of children with urolithiasis. 
Metabolic evaluation and evaluation for 
stasis/obstruction and infection is indicated in every 
child or adolescent with urolithiasis. 

Hypercalciuria is the most common metabolic 
abnormality found in stone-formers. 

A number of clinical conditions including prematu- 
rity, inflammatory bowel disease, and primary and 
secondary RTA are associated with urolithiasis. 

High oral fluid intake and moderation in dietary 
calcium and sodium (to the RDA for age) are of bene- 
fit to nearly all stone-formers. These measures should 
be used along with treatment directed to the specific 
predisposing factors of each patient. 

Long-term follow-up and management are indicated 
due to the risk of stone recurrence. 
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abnormalities and known risk of recurrence, long-term 
follow-up with periodic reassessments of the activity of 
stone formation are indicated. If new stone formation 
occurs despite treatment, a more intensive management 
program should be implemented. Additional studies can be 
helpful in identification of therapies most likely to be effec- 
tive. Such studies include determination of crystalluria by 
phase-contrast microscopy, supersaturation of the urine, 
and measurement of urinary inhibitor activity. Response 
to treatment is typically excellent in children of all ages. 
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A 


Abdominal masses, 328 
ABPM; see Ambulatory blood pressure 
monitoring 
ACE inhibitors, in treatment of 
proteinuria, 261 
Acrorenal syndromes, 226 
Activated clotting time (ACT), 279 
Activity/stress adjustment factors, 78 
ACTN4 gene, 158-159, 176 
Acute cystitis 
differential diagnosis, 320 
treatment, 321-322 
Acute infantile hemorrhagic edema, 144 
Acute nephritic syndrome, fluid and salt 
balance in, 132 
Acute post-infectious glomerulonephritis; 
see Acute post-streptococcal 
glomerulonephritis 
Acute post-streptococcal glomerulonephritis 
(APSGN), 98, 131-136 
clinical features, 132-133 
complications, 134-135 
diagnosis, 134 
differential diagnosis, 134 
etiology, 131 
impetigo-induced, 134 
indications for admission to hospital, 135 
laboratory studies, 133-134 
medical emergencies in, 134 
pathogenesis, 131-132 
pathology, 132 
pathophysiology, 132 
pharyngitis-induced, 134 
prognosis, 135-136 
pyoderma-induced, 134 
treatment, 135 
unusual associations with, 134 
Acute renal failure (ARF), 241-249 
categorization by amount of urine output, 
241, 242 
clinical aspects, 242-244 
complications, 242-243 
treatment, 246-247 
diagnostic approach, 244 
differential diagnosis according to indices, 
244 
epidemiology and etiology, 241 
factors determining metabolic changes in, 80 


Acute renal failure (ARF) (Continued) 
hypercatabolism of protein in, 80 
interventions to prevent or ameliorate 

progression of early ARF, 244-245 
effective or possibly effective, 244-245 
experimental, 245 
ineffective, 245 

management of established ARF, 245-248; 
see also Continuous renal replacement 
therapy 
conservative measures, 245-247 
management of hypertension, 247, 248 
renal replacement therapy, 247-248 
nutritional management, 78-80 
outcome, 243 
predictors of poor prognosis, 244 
pathogenesis, 241-242 
pathophysiology, 243 
patients at increased risk of, 242 
phases, 242, 244 
pre-renal causes, 242 
toxins or medications causing, 243 

Adenoviral cystitis, 98 

Adherence to medical regimens, 69-74 
factors affecting non-adherence, 69-70 

cognitive factors, 69-70 

developmental stage, 70 

disease-related factors, 69 

family, 70, 73-74 

medical regimen efficacy, 69 

psychological factors, 70 

racial and socioeconomic factors, 70 

side-effects of medications, 69 

systems functioned within, 70 
interventions to enhance, 72-74 

behavioral, 73-74 

educational, 73 

organizational strategies, 73 
measurement considerations, 70-72 

assets and liabilities of measures, 71 

Biomedical Marker Adherence Scheme 

(BMAS), 71-72 

Medical Adherence Measure (MAM), 70 

sample adherence questions, 71 
theories that inform adherence 

interventions, 72 
Health Beliefs Model 

(HBM), 72 
Stages of Change Model, 72 
tips for enhancing, 74 


ADPKD; see Autosomal dominant polycystic 
kidney disease 
Adsorption, definition, 275 
Adynamic bone disease, 254 
Age, at critical points of illness, 57 
Albuminuria, 251 
Albuterol, 246 
Alkylating agents, in treatment of MCSN, 
169-170 
Alport syndrome, 17, 98, 159-160, 292 
after renal transplantation, 292 
mutations in, 160 
Ambulatory blood pressure monitoring 
(ABPM), 113-114, 115 
advantages, 113 
and ‘White Coat hypertension’, 118 
Amenorrhea, 329 
Aminophylline, 372 
ANCA; see Anti-neutrophil cytoplasmic 
antibodies 
ANCA-associated vasculitis, 185-189 
clinical features, 187 
gastrointestinal, skin, eyes, muscles, and 
nerves, 187 
renal, 187 
respiratory tract, 187 
diagnosis, 187-188 
imaging studies, 187 
serological studies, 187 
testing for ANCA, 187, 188 
epidemiology, 186 
outcome, 189 
pathogenesis, 186-187 
ANCA involvement, 186 
endothelia, 186 
neutrophils, 186 
T cells, 186 
pathology, 188 
treatment, 188-189 
future therapeutic options, 189 
induction and maintenance therapy, 
188-189 
refractory and relapsing disease, 189 
renal replacement therapy, 189 
Androgen insensitivity syndrome (AIS), 352, 358 
Anemia 
in chronic renal disease, 254, 271 
causes, 255 
evaluation of, 255, 272 
management, 259, 262 
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Angiography 
CT, 25 
MR, 25 
renal, 25 
Angiomyolipomas, imaging techniques, 30 
Angiotensin II, 261 
Angiotensin receptor blocker (ARB) 
therapy, 261 
Antibiotics, bacterial resistance to, 321 
Anticoagulation, in continuous renal 
replacement therapy, 279-280 
Antidiuretic hormone (ADH), 312-313 
Anti-glomerular basement membrane 
disease, 292 
Anti-neutrophil cytoplasmic antibodies 
(ANCA), 185, 186-187; see also ANCA- 
associated vasculitis testing for, 187, 188 
clinical indications for, 188 
Antiphospholipid syndrome (APS), 199-201 
clinical manifestations, 200 
diagnostic criteria, 201 
laboratory assays useful in diagnosis, 201 
pathophysiology, 200 
therapy, 201 
Anuria, 14 
APS; see Antiphospholipid syndrome 
AQP2 gene, 236 
ARF; see Acute renal failure 
ARPKD; see Autosomal recessive polycystic 
kidney disease 
ASPN, 6, 8 
Atrial natriuretic peptide (ANP), 245 
ATR-X syndrome, 353 
Autosomal dominant polycystic kidney 
disease (ADPKD) 
clinical features, 218-219 
diagnosis, 30, 219 
genetics, 218 
imaging studies, 216 
pathogenesis and pathology, 218 
prognosis, 220 
treatment, 220 
Autosomal recessive polycystic kidney disease 
(ARPKD), 214-218 
clinical features, 215 
complications, 217 
diagnosis, 30, 216 
criteria for, 216 
genetics and pathogenesis, 214, 215 
imaging studies, 216 
pathology, 215 
prognosis, 217-218 
treatment, 216-217 
AVRP2 gene, 236 
Azathioprine 
in renal transplant recipients, 300 
in treatment of ANCA-associated 
vasculitis, 188-189 
in treatment of systemic lupus 
erythematosus, 199 


B 


Bacteriuria, 319 
asymptomatic, 16, 322 
as cause of urinary tract calculi, 372 
screening for, 16 
Bartter syndrome, 234-235 
antenatal hypercalciuric variant, 234-235 
classic (CBS), 235 
mutations in, 235 
Gitelman variant (GS), 235, 237 


Basiliximab, 301 
Beau’s lines, 21 
Beckwith-Wiedemann syndrome, 21, 229 
Beliefs 
children’s 
influence of parental beliefs on, 72 
in source of health problems, 58 
Benign familial hematuria (BFH), 97-98, 160 
Benign urinary frequency, 311 
Bied|-Bardet syndrome (BBS), 161-162 
Biochemical evaluations, 17 
Biofeedback, 334 
Biomedical Marker Adherence Scheme 
(BMAS), 71-72 
Bisoprolol fumarate/hydrochlorothiazide 
(B/HT), 120 
Bladder capacity, 310 
Bladder exstrophy, 327 
Blood pressure; see also Hypertension 
definitions 
high-normal, 114 
normal, 114 
systolic vs. diastolic, 115 
Boichis syndrome, 161 
Bones; see also Rickets 
growing, radiographic appearances, 123-124 
mineralization, 122-123 
Branchio-otorenal dysplasia 
(BOR syndrome), 226 
Bright’s disease, 4 


C 


Calcineurin inhibitors, in MCNS treatment, 170 


Calcium homeostasis, 124 
Calculi, urinary tract; see Urolithiasis 
Calvaria, underdeveloped, 228 
Campomelic dysplasia, 353-354 
Capnocytophaga canimorsus, 210 
Captopril, 182 
Captopril nuclear renography, 26 
Carbohydrate-deficient glycoprotein 
syndrome, 229 
Carbonic anhydrase inhibitors, 371-372 
Caroli’s disease, 215 
CAVH; see Continuous arteriovenous 
hemofiltration 
CAVHD; see Continuous arteriovenous 
hemodialysis 
CHF; see Congenital hepatic fibrosis 
Child abuse, 328, 333 
Child welfare services, 55 
Chlorambucil, 182 
Cholecalciferol, 124 
Chronic allograft nephropathy, 303 
Chronic renal disease (CRD), 250 
anemia in, 254, 271 
causes, 255 
evaluation of, 255, 272 
management, 259, 262 
definitions, 250 
evaluation, 251-252 
in neonates, infants, and children, 251-252 
causes, 252 
indicators, 252 
stages, 251 
Chronic renal failure (CRF), 250-256, 257-263; 
see also Chronic renal disease; Renal 
osteodystrophy 
complications, 253 
definition, 250-251 
growth failure, 254-256 


Chronic renal failure (CRF) (Continued) 
factors contributing to, 272 
growth after transplantation, 292-293 
treatment, 259-260, 272 

imaging studies, 251 
management, 257-263 
anemia, 259, 262 
growth, 259-260, 272 
interventions to retard progression; 
see Renoprotection interventions 
nutrition, 258-259 
progression of renal disease, 257 
renal failure team, 258 
renal osteodystrophy, 259, 273 
role of physician of record, 258 
metabolic abnormalities 
in, 252-253 
hyperkalemia, 252-253 
hyperphosphatemia, 253, 263 
hyperuricemia, 253 
hypocalcemia, 253 
hyponatremia, 252 
metabolic acidosis, 253 
symptoms and signs, 252 

Chronic renal insufficiency (CRD causes of 

malnutrition in, 81 
nutritional management, 80-83 
serum cholesterol in, 77 

Chung-Strauss syndrome (CSS), 
definition, 186 

Cigarette smoking, 262 

Circumcision, 329, 332, 334 

Citrate anticoagulation, 279-280 

Clinical evaluation of child with kidney 
disease, 13-21 

examination, 18-21 
abdomen and external genitalia, 20 
cardio-respiratory, 19-20 
head and neck, 19 
hydration assessment, 18-19 
musculoskeletal, 20-21 
neurological, 20 
physical clues, 19 
skin, 21 
history, 17-18 
family history, 17 
medications and drugs, 18 
nutritional history, 18 
pregnancy and birth history, 
17-18 
psychosocial history, 18 
review of systems, 18 
indications for referral to nephrologist 
or urologist, 21 
reasons for referring children for evaluation, 
13-17 
abnormal urine, 14-15 
antenatal imaging findings, 13-14 
anuria, 14 
dehydration, 16 
edema, 15-16 
evaluation, screening, and other 
indications, 16-17 
non-specific symptoms, 17 
oliguria, 14 
polyuria, 14 
renal calculi, 15 

Cloacal exstrophy, 327 

CMV; see Cytomegalovirus 

COL4A3 gene, 160 

COL4A4 gene, 160 

COL4A5 gene, 160 

COL4AG gene, 160 


Communication with patients; see 
Patient-physician communication 
Community supports, 54 
Complete gonadal dysgenesis (CGD), 349 
Compliance, 69 
Computed tomography, 24, 337 
CT angiography, 24 
Congenital adrenal hyperplasia 
(CAH), 347, 356 
male, 358 
Congenital hepatic fibrosis (CHF), conditions 
with abnormal kidneys and, 227 
Congenital hypernephronic nephromegaly 
with tubular dysgenesis, 228 
Congenital nephrogenic diabetes insipidus 
(NDD, 236 
Congenital nephrotic syndrome of the finnish 
type (CNF), 157-158 
after renal transplantation, 292 
Constipation 
and day and night wetting, 311 
prevention, 84 
Continuous arteriovenous hemodialysis 
(CAVHD), 275, 276 
Continuous arteriovenous hemofiltration 
(CAVH), 275, 276 
Continuous renal replacement therapy 
(CRRT), 274-282 
complications, 281-282 
filter clotting, 281 
membrane reactions, 281 
nutrient and electrolyte losses, 282 
temperature control, 281-282 
definitions, 275-277 
drug management during, 281 
equipment, 277-280 
anticoagulation, 279-280 
blood pump and extracorporeal 
circuit, 278 
hemofilter properties, 277 
machines, 277 
prescription, 278-279 
solutions, 279 
vascular access, 278 
history, 274-275 
indications for, 280 
modalities, 275-277 
non-renal indications, 280-281 
inborn errors of metabolism, 280-281 
intoxications, 281 
lactic acidosis, 281 
tumor lysis syndrome, 281 
nutrition and, 280 
outcome, 282 
Continuous venovenous hemodiafiltration 
(CVVHDE), 276, 277 
Continuous venovenous hemodialysis 
(CVVHD), 276, 277 
interleukin clearance by, 280 
outcome study, 282 
Continuous venovenous hemofiltration 
(CVVH), 275, 276, 277 
Convection, definition, 275 
Corticomedullary differentiation, 22 
Corticosteroids 
impact on growth, 293 
in renal transplant recipients, 300 
in treatment of FSGS, 177 
in treatment of MCNS, 168-169 
in treatment of systemic lupus 
erythematosus, 198-199 
side effects, 199 
Corynebacterium urealyticum, 372 


CRD; see Chronic renal disease 
CRF; see Chronic renal failure 
CRI; see Chronic renal insufficiency 
CRRT; see Continuous renal replacement 
therapy 
CSS; see Chung-Strauss syndrome 
CT; see Computed tomography 
CTNS gene, 232-233 
Cultural values, influence of, 64 
Cutaneous lupus erythematosus, 196 
CVVH; see Continuous venovenous 
hemofiltration 
CVVHD; see Continuous venovenous 
hemodialysis 
CVVHDF; see Continuous venovenous 
hemodiafiltration 
Cyclophosphamide 
in treatment of ANCA-associated 
vasculitis, 188-189 
in treatment of MCSN, 169-170 
in treatment of membranous 
nephropathy, 182 
in treatment of systemic lupus 
erythematosus, 199 
Cyclosporine A (CsA) 
in renal transplant recipients, 298-300 
in treatment of FSGS, 177 
in treatment of membranous nephropathy, 
182 
CYP11B1 deficiency, 347 
CYP17 abnormality, 351-352 
CYP21 deficiency, 347 
Cystic kidney disease 
with autosomal recessive inheritance, 227-228 
investigational techniques, 29-30 
Cystinosis, 232-233 
after renal transplantation, 292 
Cystinuria, 233-234, 369 
Cytomegalovirus (CMV), 294 


D 


Daclizumab, 301 
DAX-1 gene, 347, 349, 353 
Deafness, and renal disorders, 17 
Dehydration, 16 
Delayed graft function (DGF), 302, 305 
Dense deposit disease, 147 
Denys-Drash syndrome (DDS), 20, 107, 
158, 353 
Depression, in new dialysis patients, 44 
Desmopressin, 315-316 
Developmental considerations, 59-60, 64-65 
adolescents, 65 
developmental transitions and stress, 57 
school-age children, 64 
toddlers, 64 
Diabetes, microalbuminaria checks in children 
with, 105 
Diafiltration, 274 
Dialysis, 268-273; see also Continuous renal 
replacement therapy; Hemodialysis; 
Peritoneal dialysis 
in acute renal failure, 247-248, 268 
indications for, 248, 268 
modality, 248, 268 
in chronic renal failure, 268 
continuous hemofiltration/dialysis, 270 
development of services, 7 
hemodialysis vs. peritoneal, 48 
indications for, 267-268 
information on dialysis centers, 91 
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Index 


Dialysis (Continued) 
nutrition, 273 
primary diagnoses in pediatric dialysis 
patients, 267 
recombinant human erythropoietin 
(rhEPO), 271-272 
dosing, 272 
side effects, 272 
recombinant human growth hormone 
(thGH), 272 
renal osteodystrophy, 273 
role of social worker, 49 
transitioning dialysis patient, 91 
and transplantation, 273 
Dietary reference intakes, 79 
Diffuse mesangial sclerosis (DMS), 107, 158 
Diffusion, definition, 275 
Dimercaptosuccinic acid (DMSA) renal scan, 
26, 27, 119, 323-324, 337, 342 
Diptheria, tetanus, and pertussis (DTaP) 
immunization, 34-35 
Dipyridamole, 183 
Diurnal enuresis; see Enuresis, diurnal 
DMSA scan, 26, 27, 119, 323-324, 337, 342 
Double-lumen catheters, 278 
DTPA, 25 
Dysfunctional voiding, 312 
treatment, 314 
and vesicoureteral reflux, 313 
Dysgenetic kidneys, 228 
Dysgenetic male pseudohermaphroditism, 
350, 353, 357-358 


E 


Eagle-Barret syndrome; see Prune belly 
syndrome 
Ecomap, 42-43 
Ectodermal dysplasia-ectrodactyly-cleft lip 
and/or palate (EEC 1) syndrome, 226 
Ectopic kidney, 224 
Edema, 15-16 
generalized, causes, 16 
nephrotic, 166 
Employment issues, in chronic renal disease, 
54-55 
End-stage renal disease (ESRD) 
definition, 250 
epidemiology in children, 284-285 
access to transplantation, 285 
etiology, 284-285 
incidence, 267, 284 
Enterococcus sp., 317 
Enuresis; see also Voiding problems in 
children 
definition, 309 
diurnal, 311-312, 329 
definition, 309 
prevalence, 310 
treatment, 314-315 
giggle, 311 
nocturnal, 312-313, 329 
definition, 309 
etiologies, 312 
medications, 315-316 
monosymptomatic, 309, 312 
and obstructive sleep apnea, 312 
pathogenesis, 312 
polysymptomatic, 309, 316 
prevalance by age, 310 
treatment, 315-316 
organic causes, 311 
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Epstein-Barr virus (EBV), 294 

Epstein syndrome, 160 

Ergocalciferol, 124 

Escherichia coli 
antibiotic-resistant, 321 
Shiga-toxin producing (STEC), 203-204 
urinary tract infection due to, 293, 317-318 
uropathogenic (UPEO), 317-318 

ESPN, 6, 8 

ESRD; see End-stage renal disease 

Ethical issues 
examples of frequent dilemmas, 48 
role of social worker in, 48 

EYA1 gene, 226 

Eye findings with renal disorders, 19 


F 


Fabry disease, 107 
Factor H, 211 
deficiency of, 152, 161, 210-211 
Failure to thrive (FTT), 17, 330 
Familial juvenile gouty nephropathy (FJGN), 253 
Familial juvenile nephronophthisis (FJN), 161 
Family 
dynamics of, 64 
effective intervention within family 
system, 53 
influence on adherence, 70, 73-74 
social challenges to, 52-53, 58-59 
value of stable environment, 58 
Family history, 17, 77 
Family and Medical Leave Act (FMLA), 54-55 
Family studies, 16-17 
Fanconi syndrome, 127, 226, 232 
causes of proximal tubular dysfunction, 232 
Fatigue, as indication of kidney disease, 17 
Fechtner syndrome, 160 
Female pseudohermaphroditism ŒPH), 
347, 356 
Fenoldopam, 245 
Fetal alcohol syndrome (FAS), 18 
Fibromuscular dysplasia, 119 
Financial issues, in chronic renal 
disease, 54-55 
Flank masses, incidence, 20 
Focal segmental glomerulosclerosis (FSGS), 
107, 158-159, 172-178, 291 
after renal transplantation, 291 
autosomal dominant disease, 158-159, 176 
autosomal recessive disease, 158, 175-176 
causes, 172 
genetic, 159 
and chronic renal failure, 167 
clinical features, 173 
differential diagnosis, 175, 176 
epidemiology, 173 
Frasier syndrome, 159, 176 
generic, definition, 174 
genetic types, 175-176 
idiopathic, 172-173 
laboratory investigations, 173-174 
major points, 178 
morphologic subtypes/variants, 173, 174 
response to treatment based on, 175 
pathogenesis, 174 
pathology, 174 
prognostic features, 174-175 
recurrence post-transplant, 178 
treatment, 176-178 
angiotensin-converting enzyme 
inhibitors, 177 


Focal segmental glomerulosclerosis (FSGS) 
(Continued) 
corticosteroids, 177 
cyclosporine A, 177 
pulse intravenous methylprednisolone, 177 
recommendations, 177 
Fractional excretion of sodium (FENa*), 244 
Frasier syndrome, 159, 176 
FSGS; see Focal segmental glomerulosclerosis 
Furosemide, in treatment of acute renal 
failure, 245 


G 


Galactosemia, 233 
Galloway-Mowat syndrome, 20, 158 
GALT gene, 233 
GCKD; see Glomerulocystic kidney disease 
Genitalia, ambiguous, 327 
Genital injury, 333 
Genitourinary sinus, 336 
GFR; see Glomerular filtration rate 
Giggle enuresis, 311 
Gitelman syndrome (GS), 235, 237 
Glomerular filtration rate (GFR) 
and associated metabolic changes, 81 
decreased, 251 
estimation, 336-337 
normal values in pediatrics, 251 
and potassium secretion, 81-82 
Glomerulocystic kidney disease (GCKD), 
220-221, 230 
clinical features, 220-221 
genetics, 220 
imaging studies, 221 
pathogenesis, 220 
prognosis, 221 
Glomerulonephritis, 159-160; see also Alport 
syndrome; Membranoproliferative 
glomerulonephritis 
acute post-infectious; see Acute 
post-streptococcal glomerulonephritis 
benign familial hematuria 
(BFH), 97-98, 160 
differential diagnosis, 98-100 
hereditary nephritis with giant 
platelets, 160 
leiomyomatosis-nephropathy 
syndrome, 160 
membranous, 175 
proteinuria in, 107 
rapidly progressive (RPGN), 98, 135 
thin glomerular basement membrane 
disease (TBMD), 160 
Glutaric aciduria type II, 229 
Gonadal dysgenesis, 347-350 
45X, 349-350, 356 
46XX pure, 349 
46XY, 350, 353, 357-358 
complete (CGD), 349 
partial (PGD), 350-351 
treatment options and indications, 356 
XY, 349, 356 
Gordon hyperkalemia-hypertension 
syndrome, 236 
Growth failure 
in children with chronic renal 
failure,254-256 
factors contributing to, 272 
growth after transplantation, 292-293 
treatment, 259-260, 272 
Growth studies, 7 


H 


Health Beliefs Model (HBM), 72 
Hematologic conditions, as causes of 
hematuria, 98-99 
Hematuria, 27-29, 95-102 
causes, 28-29, 97 
definitions, 95-96 
diagnosis, 96; see also Benign familial 
hematuria; Glomerulonephritis; 
Thin basement membranes 
differential diagnosis, 96-100 
dipstick test, 96 
glomerular vs. non-glomerular, 96, 97 
gross 
evaluation, 100, 101 
in newborn, 327 
outside newborn period, 328 
imaging protocols, 27-28 
imaging techniques, 28 
indications for prompt evaluation, 100 
localization, 96 
microhematuria evaluation, 100-102 
isolated microhematuria, 100-101 
microhematuria with abnormal 
findings, 101-102 
stepwise approach, 101 
testing in adults, 101urine colour in, 96 
Hemodialysis, 268-270 
calculation of required amount per 
session, 269, 270 
nutritional management, 83 
peritoneal dialysis vs., 48 
urea clearance curves for 
dialyzers, 268, 269 
usual settings for, 270 
vascular access catheter sizes, 269 
Hemolytic uremic syndrome (HUS), 160-161, 
203, 209-211, 292 
after renal transplantation, 292 
associations (secondary HUS), 211 
causes, 156 
D+HUS; see Stx HUS 
definition, 203 
etiologic classification, 210 
hereditary, 161, 210-211 
autosomal dominant, 161, 210, 211 
autosomal recessive, 161, 210, 211 
reasons for family anxiety in, 211 
idiopathic (atypical), 210 
infectious causes, 209-210 
Capnocytophaga canimorsus, 210 
human immunodeficiency virus CHIV)- 
associated HUS, 210 
Streptococcus pneumoniae-associated 
HUS, 209-210 
medication- and treatment-associated, 211 
Stx; see Stx HUS 
Hemophbilus influenzae type b Hib) conju- 
gate immunization, 35 
Henoch-Schonlein purpura (HSP) nephritis, 
21, 98, 141-145, 292, 330 
after renal transplantation, 292 
clinical features, 142-143, 330 
gastrointestinal, 143 
joints, 143 
rash, 143 
renal disease, 143 
scrotum and testis, 143 
definition, 141 
differential diagnosis, 144 
dominant features, 141 
epidemiology, 141-142 


Henoch-Schonlein purpura (HSP) nephritis 
(Continued) 
etiology, 142 
and IgA nephropathy, 137, 140, 142 
immunologic abnormalities, 142 
laboratory studies, 143-144 
outcome, 144-145 
pathogenesis, 142 
pathology 
renal, 142 
skin, 142 
treatment, 144 
Heparin, 279 
Hepatic osteodystrophy, 128 
Hepatitis A immunization, 38 
Hepatitis B immunization, 4 
Hepatitis B viral infection, as secondary cause 
of membranous nephropathy, 181 
Hereditary fructose intolerance (HFD, 233 
Hereditary nephritis; see Alport syndrome 
Hereditary nephropathies, 156-162 
causes, 156-157 
principles, 156-157 
syndromes presented with, 157 
Hernia uteri inguinali; see Persistent 
Müllerian duct syndrome 
Herpes simplex virus, 294 
HFI; see Hereditary fructose intolerance 
Hinman syndrome, 312 
History of pediatric nephrology, 3-9 
American founders, 6 
critical discoveries, 5 
dates of historical significance, 5 
development of training programs and 
certification (1970-1980), 6-7 
early founders, 3 
emergence as distinct discipline 
(1950-1970), 4-6 
European founders, 7 
focused research themes since 1970, 7-8 
from 1990 into 21st century, 8 
introduction, 3 
origins of scholarship (1820-1950), 3-4 
Horseshoe kidney, 224 
Hospital, quality of experiences in, 57 
HUS; see Hemolytic uremic syndrome 
Hydration assessment, 18-19 
Hydrocele, 328, 329, 331 
Hydronephrosis 
bilateral, 327 
prenatal, infants with, 329 
prenatally diagnosed, 329 
1-o-Hydroxylase deficiency, 126-127 
3 B-Hydroxysteroid dehydrogenase 
deficiency (3 B-HSD), 351 
17 B-Hydroxysteroid dehydrogenase 
deficiency (17 B-HSD), 352 
Hypercalciuria, 99, 367-368 
causes, 368 
hypomagnesemia with, 236-237 
Hyperglycemia, control of, 261-262 
Hyperhomocysteinemia, 262-263 
Hyperkalemia 
in chronic renal failure, 252-253 
prevention/control, 82, 83 
treatment, 246 
Hyperlipidemia, 262 
after renal transplantation, 295 
Hyperoxaluria, 368-369 
type I, 292, 369 
type II, 369 
Hyperparathyroidism, 124, 125 
complications, 254 


primary, 128 
secondary, 128, 254 
Hyperphosphatasia, 129 
Hyperphosphatemia, 247 
in chronic renal failure, 253, 263 
Hyperpyrexia, 330 
Hypersensitivity vasculitis, 144 
Hypertension, 110-121 
after renal transplantation, 294-295 
causes by age group, 116 
definition, 114-115 
ambulatory BP definition, 115 
systolic vs. diastolic BP, 115 
Task Force definition, 114-115 
diagnostic approach, 116-119 
ABPM and ‘White Coat hypertension’, 118 
algorithm for evaluation, 117 
assessment for end-organ injury, 119 
differential diagnosis, 116-118 
secondary hypertension evaluation, 118-119 
investigational techniques, 31-32 
measurement of blood pressure in children, 
110-114 
ambulatory BP monitoring 
(ABPM), 113-114 
auscultatory method, 111 
cuff size, 110-111 
oscillometric methods, 111-113 
recommendations, 111 
normative blood pressure values in 
children, 112, 114 
controversies in determining 
diastolic BP in children, 114 
history of Task Force on high BP in 
children, 114 
prevalence, 116 
screening for, 16 
syndromes associated with, 118 
treatment, 119-120 
in acute renal failure, 247, 248 
in chronic renal failure, 260-261 
non-pharmacological, 120 
pharmacological, 120 
‘White Coat’, 115, 118 
Hyperuricemia, 253 
Hyperuricosuria, 369-370 
Hypocalcemia, 246 
in chronic renal failure, 253 
Hypocomplementemia, patterns of, by MPGN 
type, 150 
Hypocomplementemic nephritis, diagnostic 
approach, 150 
Hypokalemia, 263 
Hypomagnesemia, 236-237; see also Gitelman 
syndrome 
causes, 237 
with hypercalciuria and nephrocalcinosis, 
236-237 
with isolated renal magnesium wasting, 236 
with secondary hypocalcemia, 236 
variable, with hypoparathyroidism, 237 
Hyponatremia 
in chronic renal failure, 252 
treatment, 246 
Hypophosphatasia, 128-129 
Hypoplastic kidneys, 228 
Hypospadias, 329, 332 


I 


IgA nephropathy, 98, 107, 137-140, 292 
after renal transplantation, 292 
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IgA nephropathy (Continued) 
clinical features, 138-139 
differential diagnosis, 140 
difficulties in interpretation of long-term 
follow-up data, 139 
epidemiology, 137 
etiology, 137-138 
and Henoch-Sch6nlein purpura nephritis, 
137, 140, 142 
incidence, 137 
indications for biopsy, 138 
laboratory investigations, 139 
‘malignant’, 139 
outcome, 139 
pathogenesis, 138 
pathology, 138 
treatment, 139-140 
Illness chronicity, poor functional status 
and, 57 
Imipramine, 315, 316 
Immunization of children, 33-39 
diptheria, tetanus, and pertussis vaccine, 
34-35 
Hemophbilus influenzae type b conjugate 
vaccine, 35 
hepatitis A vaccine, 38 
hepatitis B vaccine, 4 
inactivated polio virus vaccine, 35 
influenza vaccine, 38-39 
measles, mumps, rubella vaccine, 35 
pneumococcal vaccine, 37-38 
recommended schedule, 36-37 
adjustments for children with chronic 
kidney disease, 34, 39 
varicella zoster vaccine, 35-37 
Immunoglobin A nephropathy; see IgA 
nephropathy 
Immunosuppressive drugs, 182, 198-199, 
298-301 
biological, 301 
Imperforate anus, 334 
Impetigo, 134 
Inactivated polio virus (PV) immunization, 35 
Incest, 333 
Incontinence; see also Voiding problems in 
children 
definition, 309 
organic causes, 311 
Indinavir, 371 
Inflammation seeking isotopes, 337 
Inflammatory bowel disease, 371 
Influenza immunization, 38-39 
Inguinal hernia, 328 
International Pediatric Nephrology Association 
(IPNA), 6, 8 
Intersexuality, 346-359 
differential diagnosis, 355 
evaluation, decision pathway, 348 
female pseudohermaphroditism 
(FPH), 347, 356 
genetic characteristics of intersex 
disorders, 350 
gonadal dysgenesis disorders; see Gonadal 
dysgenesis 
history, 354 
human sexual discrimination, 346 
genes involved, 346-347 
laboratory studies, 355 
male pseudohermaphroditism; see Male 
pseudohermaphroditism (MPH) 
physical examination, 354-355 
sex chromosome 
anomalies, 354 
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Intersexuality (Continued) 
treatment options and indications, 356-358 
true hermaphroditism (TH), 354, 356-357 
Interstitial nephritis, 98 
common causes, 98 
Intoxications, treatment, 281 
Intravenous autography (IVU), 24 
Intravenous pyelogram (IVP), 323, 337 
In utero growth retardation AUGR), 18 
IPNA, 6, 8 
Ivemark syndrome, 228 


J 


Jaundice, metabolic causes in newborn, 232 
Jeune asphyxiating thoracic dystrophy 
syndrome, 227-228 
differential diagnosis, 228 


K 


Kayexalate, 82, 83, 246 
Kidneys 
anechoic, 22 
developmental abnormalities, 223-230; 
see also Cystic kidney disease; 
Glomerulocystic kidney disease; 
Polycystic kidney diseases 
classification, 224-226 
dysgenetic kidneys, 228 
guiding principles in, 224 
hypoplastic kidneys, 228 
inborn errors of metabolism, 229 
in-utero exposure to teratogens, 228-229 
overgrowth syndromes, 229 
of position, 224 
echogenic, 22 
differential diagnosis of enlarged 
echogenic kidneys in neonate, 217 
evaluation of diseases of, stepwise 
approach, 102 
hyperechoic, 22 
hypoechoic, 22 
Kindness, requirement for, 2 
Korotkoff sounds, 111 
K4, 114 
K5, 111, 114 


L 


Lactic acidosis, 281 
Left ventricular hypertrophy (VH), 115, 119 
Left ventricular mass (LVM), 115 
Left ventricular mass index (LVMD, 119 
Leiomyomatosis-nephropathy syndrome, 160 
Leukocytoclastic vasculitis, 141 
diagnosis, 143 
Leydig cell aplasia/hypoplasia, 351 
Libmann-Sachs endocarditis, 195 
Lipid profiles, 118 
Liver-kidney associations, 20 
Loin pain-hematuria syndrome, 99 
Lower nephron nephrosis, 4 
Lupus nephritis, 193-194 
after renal transplantation, 292 
clinical evaluation, 193 
pathology, 193 
renal outcomes, 193-194 
as secondary cause of membranous 
nephropathy, 182 
WHO classification, 193 


M 


Macro-level advocacy, 48-49 
MAG 3; see Mercaptoacetyltriglycine 
Magnetic resonance imaging, 24-25 
in evaluation of rickets, 123 
gadolinium-enhanced, 337 
gadolinium-enhanced functional renal 
MR, 24-25 
MR urography, 24 
Mainzer syndrome, 161 
Malaise, as indication of kidney disease, 17 
Male pseudohermaphroditism (MPH), 
351-354, 357-358 
androgen insensitivity syndrome (AIS), 
352, 358 
ATR-X syndrome, 353 
campomelic dysplasia, 353-354 
causes, 351 
CYP17 abnormality, 351-352 
DAX-1 mutations, 353 
Denys-Drash syndrome (DDS), 353 
dysgenetic, 350, 353, 357-358 
3 B-hydroxysteroid dehydrogenase 
deficiency ( B-HSD), 351 
17 B-hydroxysteroid dehydrogenase 
deficiency (17 B-HSD), 352 
Leydig cell aplasia/hypoplasia, 351 
male congenital adrenal 
hyperplasia, 358 
persistent Müllerian duct syndrome 
(PMDS), 353, 357 
5 o-reductase deficiency, 352, 357 
StAR deficiency, 351 
SRY mutations, 353 
testosterone biosynthesis enzyme 
defects, 351 
treatment options and 
indications, 357-358 
vanishing testes syndrome, 354 
WAGR syndrome, 353 
Malnutrition 
causes of, in children with CRI, 81 
indicators of, 81 
Marder’s disease, 152 
Mayer-Rokitansky-Kuster-Hauser syndrome, 
226 
May-Hegglin anomaly, 160 
MCDK;; see Multicystic dysplastic kidney 
Measles, mumps, rubella (MMR) 
immunization, 35 
Meatal stenosis, 99 
Meatotomy, 335 
Meckel syndrome, 227 
Medical Adherence Measure (MAM), 70 
Medical insurance, 54, 55 
Medicare, 55 
Medications 
and dietary intake, 77 
used by children with renal disease, 77 
Medullary sponge kidney, 371 
Membranoproliferative glomerulonephritis 
(MPGN), 107, 147-154, 292 
after renal transplantation, 292 
classification system, 147 
differential diagnosis, vs. FSGS, 175 
epidemiology, 147-148 
genetic associations, 149 
hepatitis-associated, 149 
immunofluorescent findings by MPGN 
type, 151 
laboratory evaluation, 149-150 
malignancy-associated, 148, 149 


Membranoproliferative glomerulonephritis 
(Continued) 
natural history, 152 
nephritic factors and associated MPGN 
type, 151 
pathogenesis, 151-152 
pathology, 151 
presentation and clinical features, 149 
secondary, 148-149 
treatment, 152-154 
anti-platelet therapy, 154 
corticosteroids, 153 
other therapies, 154 
renal transplantation, 154 
type characteristics 
type I, 147 
type II, 147 
type II, 147 
Membranous glomerulonephritis, 175 
Membranous nephropathy (MN), 179-183, 292 
after renal transplantation, 292 
as cause of proteinuria and nephrotic 
syndrome, 107, 179 
clinical findings, 180-182 
diagnostic tests, 181 
hematologic/oncologic causes, 
180, 181-182 
history, 180 
physical examination, 181 
renal, 181 
secondary causes, 180, 181-182 
differences between primary and secondary 
clinical, 181 
laboratory evaluation, 181 
drug-induced, 182 
etiology, 179 
incidence, 179 
outcome, 183 
pathogenesis, 179-180 
circulating immune complexes, 180 
complement, 180 
cytokines, 180 
in-situ immune complex deposition, 180 
pathology, 180 
treatment, 182-183 
ACE inhibitors, 183 
antiplatelet agents, 183 
hypolipemic agents, 183 
immunosuppressive therapy, 182 
primary MN, 182 
secondary MN, 182-183 
Meningococcemia, 144 
Mental health, 53 
Mercaptoacetyltriglycine, 25, 337 
Mesangial proliferative 
glomerulonephritis, 175 
Mesangiocapillary glomerulonephritis; 
see Membranoproliferative 
glomerulonephritis 
Mesoblastic nephroma, imaging techniques, 30 
Metabolic acidosis, in chronic renal 
failure, 253 
Metabolism, 4 
Metaiodobenzylguanidine (MIBG), 32 
Metaphyseal chondrodysplasia, 129 
Methotrexate 
in treatment of ANCA-associated 
vasculitis, 188-189 
in treatment of systemic lupus 
erythematosus, 199 
MIBG; see Metaiodobenzylguanidine 
Microalbuminuria, 105, 251 
detection, 105 


Microvascular polyangiitis (MPA) 
definition, 186 
frequency of organ involvement in, 186 
histological stages, 188 
Minimal-change nephrotic syndrome 
(MCNS), 163-170 
agents and conditions associated with, 164 
causes of bone disease in, 167 
circulating factors in, 165 
clinical features, 165 
abdominal pain, 165 
coagulation abnormalities, 166 
complications, 167 
definitions of response to treatment 
for, 163 
differential diagnosis, vs. FSGS, 175 
epidemiology, 163-164 
hypovolemia in, 165 
immunologic abnormalities in, 164 
laboratory findings, 165-166 
major points, 170 
management, 168-170 
alkylating agents, 169-170 
calcineurin inhibitors, 170 
general management, 168 
glucocorticoids, 168-169 
infections and immunization, 168 
outcome, 170 
pathogenesis, 164-165 
cellular immunity, 164 
glomerular pathophysiology, 164-165 
humoral immunity, 164 
immunopathophysiology, 164 
pathogenesis of metabolic 
derangements, 166-167 
pathology, 167-168 
immunofluorescent and electron 
microscopy, 167-168 
light microscopy, 167 
peritonitis in, 168 
Mixed gonadal dysgenesis (MGD), 350 
MMF; see Mycophenolate mofetil 
MN; see Membranous nephropathy 
Modular supplements, 78, 80 
Molecular transport mechanisms, 
definition, 275 
MPA; see Microvascular polyangiitis 
MPGN; see Membranoproliferative 
glomerulonephritis 
MRI; see Magnetic resonance imaging 
Multicystic dysplastic kidney (MCDK), 224 
diagnosis, 29-30 
indications of, 224 
Munchausen syndrome, 100 
Mycophenolate mofetil (MMF) 
in renal transplant recipients, 300-301 
in treatment of ANCA-associated 
vasculitis, 189 
in treatment of membranous 
nephropathy, 182 
in treatment of systemic lupus 
erythematosus, 199 


N 


Nail-patella syndrome (NPS), 107, 159 
Neonatal examination, 16 
Nephritis; see Glomerulonephritis; Interstitial 
nephritis 
Nephrocalcinosis, 28 
in XLH rickets, 126 
Nephrogenic diabetes insipidus, 14 


Nephrolithiasis, 99 
X-linked recessive CXRN), 127 
Nephromegaly, differential diagnosis, 20 
Nephronophthisis, 161 
Nephrotic syndrome, 106-107, 157-159; see 
also Focal segmental 
glomerulosclerosis; Minimal-change 
nephrotic syndrome 
congenital nephrotic syndrome of the 
Finnish type (CNF), 157-158 
after renal transplantation, 292 
diffuse mesangial sclerosis (DMS), 107, 158 
fluid and salt balance in, 132 
Galloway-Mowat syndrome, 20, 158 
as issue in transplant candidates, 289 
nail-patella syndrome (NPS), 107, 159 
nutritional management, 84-85 
serum albumin in, 77 
serum cholesterol in, 77 
steroid-responsive, 158 
Nocturnal enuresis; see Enuresis, nocturnal 
Noonan syndrome, 356 
NPHS2 gene, 158, 175, 176 
Nuclear cystogram, 336 
Nuclear medicine technetium-labeled 
agents, 25-26 
Nutritional history, 18 
Nutritional management of pediatric renal 
diseases, 76-85, 258-259, 273 
assessment of nutritional status, 76-77 
anthropometric data, 77 
dietary history, 77 
gastrintestinal issues, 77 
laboratory studies, 77 
medical history, 76 
medications, 77 
social and family histories, 77 
guidelines, 258 
modular supplements, 78, 80 
nutritional supplementation, 85 
enteral, 85 
parenteral, 85 
nutrition intervention and formulation of 
dietary prescription, 77-78 
calculation of energy requirements, 80 
calorie needs, 77-78 
protein needs, 78 
patient education and social 
considerations, 85 
psychosocial impediments to using renal 
diet, 85 
renal conditions that require specific 
nutritional advice, 78-85 
acute renal failure (ARF), 78-80 
chronic renal insufficiency 
(CRD, 80-83 
hemodialysis, 83 
nephrotic syndrome, 84-85 
peritoneal dialysis (PD), 83-84, 273 
post-transplantation, 84 
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Obesity, prevalence among children, 116 
Obstructive sleep apnea, and nocturnal 
enuresis, 312 
OKT3, 301 
Oligohydramnios, 13-14 
Oligohydramnios sequence, 13, 225 
causes, 225 
features, 225 
Oliguria, 14 
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Ossification 
enchondral, 122 
intramembranous, 122 
Osteogenesis imperfecta (OD, 129 
Osteogenic osteomalacia, 128 
Osteomalacia, 123, 128, 254 
osteogenic, 128 
Osteopenia, 123 
of prematurity, 125 
Osteopetrosis, with rickets, 128 
Osteoporosis, 123 


P 


Parathyroid hormone (PTH), 124 
Partial gonadal dysgenesis PGD), 350-351 
Passive Heyman nephritis PHN), 180 
Patient-physician communication, 63-68 
common pitfalls, 65 
communicating with children, 64-65 
see also Developmental considerations 
discussing difficult topics, 66 
PACE, 66 
discussing treatment options, 67 
establishing positive relationship, 63-64 
handling end-of-life issues, 67-68 
suggestions for facilitating difficult 
conversations, 68 
new diagnosis, 66-67 
practical suggestions for 
improving, 65-66 
PBS; see Prune belly syndrome 
Pediatric risk of mortality PRISM) score, 282 
Pediatric uroimaging, 22-32 
cystic disease, 29-30 
hematuria, 27-29 
hypertension, 31-32 
imaging modalities, 22-26; see also 
Urological evaluation, radiological 
examination 
computed tomography, 24 
intravenous autography, 24 
magnetic resonance 
imaging, 24-25 
nuclear medicine technetium-labeled 
agents, 25-26 
renal angiography, 25 
ultrasound, 22-23 
voiding cystourethography, 23-24 
solid renal masses, 30-31 
urinary tract infection, 26-27, 
323-324 
Pedophiles, 333 
Perineal injury, 333 
Perineal masses, 328 
Peritoneal dialysis (PD), 270-271 
acute, 270 
usual settings for, 270 
adequacy, 272 
advantages and disadvantages, 271 
automated (APD), 271 
benefits, 268 
complications, 271, 272 
continuous ambulatory (CAPD), 
83, 268, 270 
continuous cycling (CCPD), 83 
hemodialysis vs., 48 
nutritional management, 83-84, 273 
recommended protein 
intake, 84, 273 
Peritoneal equilibrium test, 271 
Perlman syndrome, 229 
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Persistent asymptomatic isolated proteinuria 
(PAIP), 106 
Persistent Müllerian duct syndrome (PMDS), 
353, 357 
Pharyngitis, streptococcal, treatment, 135 
Pheochromocytoma, imaging modalities, 32 
PHEX gene, 126 
PHN; see Passive Heyman nephritis 
Physician, role, 2 
Physis, 122-123 
zones and activities within, 122 
PKD1 gene, 218, 219 
PKD2 gene, 218 
Placentamegaly, 18 
Pneumococcal immunization, 37-38 
recommendations in children with kidney 
disease, 38 
Pneumocystis carinii, 198, 293 
Podocyte injury, in FSGS, 174 
Pollakiuria, 311 
Polyclonal antibody, 301 
Polycystic kidney diseases, 214-222, 226-227; 
see also Autosomal dominant polycystic 
kidney disease; Autosomal recessive 
polycystic kidney disease; Glomerulocystic 
kidney disease 
associated with congenital syndromes, 
221-222 
differential diagnosis, 215 
Polyhydramnios, 13-14 
Polyuria, 14 
Posterior urethral valves (PUV), 225-226, 328 
Post-transplant lymphoproliferative disease 
(PTLD), 289, 294, 295-296 
clinical presentations, 296 
Post-void dribbling, 311 
Potassium concentration control, 81-82 
high-potassium foods, 82 
low-potassium foods, 82 
Potter syndrome; see Oligohydramnios 
sequence 
Power of attorney, medical, 90 
Prednisone 
in treatment of ANCA-associated 
vasculitis, 188-189 
in treatment of MCSN, 168-169 
in treatment of MPGN, 153 
Pregnancy and birth history, 17-18 
Prematurity, and rickets, 125 
Prepuce, 332, 335 
Priapism, 329 
Primary chondrodystrophy, 129 
Primary spongiosa, 123 
Protein-sparing effect, 81 
Proteinuria, 103-109, 251, 261 
classification, 106 
detection, 104-105 
dipstick test, 104, 105 
microalbuminuria, 105 
qualitative, 104-105 
quantitative, 105 
sulfosalicylic acid method, 104-105 
differential diagnosis, 105-107 
epidemiology, 105 
etiology, 105, 106 
evaluation, 107-108 
algorithm for, 108 
history and physical examination in, 107 
indications for renal biopsy in, 108 
laboratory studies for, 108 
functional/transient, 105 
in glomerular diseases, 106-107 
in glomerulonephritis, 107 


Proteinuria (Continued) 
mechanisms, 104 
non-selective, 104 
orthostatic (postural), 105-106 
persistent asymptomatic isolated 
(PAIP), 106 
selective, 102 
treatment, 108-109, 261 
tubular, 104, 107 
urinary protein excretion, 103 
Proteus sp., 317 
Prune belly syndrome (PBS), 16, 20, 225, 328 
Pseudohypoaldosteronism, 235-236 
type I 
multiple organ, 236 
renal, 235-236 
type II, 236 
Psychological considerations in renal disease, 
57-62; see also developmental 
considerations 
factors that affect adjustment, 57-58 
psychological adjustment during course of 
disease, 58-59 
diagnosis to end stage, 58-59 
post-transplant, 59 
psychological consultations and 
intervention, 60-62 
domains assessed during psychological 
evaluation, 61 
psychologists’ role on renal transplant 
team, 60 
Psychosocial assessment, 43-44 
multiple and contradictory needs, 44 
patient questionnaire, 45-47 
Psychosocial history, 18 
PTLD; see Post-transplant lymphoproliferative 
disease 
Public Law 92-603, 7 
Pulmonary renal syndromes, 144 
Purpuric rashes, differential diagnosis, 144 
PUV; see Posterior urethral valves (PUV) 
Pyelonephritis 
diagnosis, imaging studies in, 26-27, 323 
treatment, 322 
and urinary tract infection, 318, 319, 321, 
322 
Pyuria, and urinary tract infection, 319 


R 


Radiography, in evaluation of rickets, 
123-124 
Radionuclide cystography (RNC), 23, 
26, 323 
Radionuclide renal scan, 336-337 
Rapidly progressive glomerulonephritis 
(RPGN), 98, 135 
Recombinant human erythropoietin (rhEPO), 
271-272 
dosing, 272 
side effects, 272 
Recombinant human growth hormone 
hGH), 272, 293 
Recommended dietary allowances (RDAs), 
77-78, 79, 81 
5 a-Reductase deficiency, 352, 357 
Reflux nephropathy; see Renal scarring 
Religious values, influence of, 64 
Renal adysplasia, 224-226 
isolated, 225 
with multiple congenital anomalies, 226 
in regional defects, 225-226 


Renal agenesis 
bilateral, 225 
unilateral, 224-225 
Renal allograft survival/rejection, 300-305 
acute rejection, 301-303 
acute cellular rejection, 302 
Banff criteria for, 303 
hyperacute rejection, 302 
chronic rejection, 303 
differential diagnosis of acute allograft 
dysfunction or delayed graft 
function, 302 
factors affecting, 304-305 
antibody induction, 305 
cohort year, 305 
delayed graft function, 305 
donor age, 304 
donor source, 304 
immunologic factors, 304-305 
non-adherence, 305 
pre-sensitization, 304 
race, 304 
recipient age, 304 
technical factors, 305 
tissue type, 304 
transplant center volume effect, 305 
statistics, 303-304 
types of rejection, 302 
Renal artery stenosis, 119 
Renal calculi, 15 
Renal cell carcinoma, imaging techniques, 
30-31 
Renal cortical scintigraphy (RCS)/DMSA 
scan, 26, 27, 119, 323-324, 337, 342 
Renal dysplasia, 224-226 
isolated, 225 
with multiple congenital anomalies, 226 
in regional defects, 225-226 
Renal glycosuria, 233 
Renal-hepatic-pancreatic dysplasia, 228 
Renal osteodystrophy, 128, 253-254, 259, 273 
high bone turnover, 254 
low bone turnover, 254 
adynamic bone disease, 254 
osteomalacia, 123, 128, 254 
management, 259, 273 
secondary hyperparathyroidism, 128, 254 
Renal scarring 
factors causing, 342 
factors predisposing to, 341 
Renal transplantation, 284-306 
complications after, 291-296 
glomerular diseases, 291-292 
growth after transplantation, 292-293 
hyperlipidemia, 295 
hypertension, 294-295 
infections, 293-294 
malignancy and PTLD, 295-296 
metabolic diseases, 292 
contraindications, 285 
and dialysis, 273 
epidemiology of ESRD in 
children, 284-285 
access to transplantation, 285 
etiology, 284-285 
incidence, 267, 284 
indications, 285 
management of recipient, 297-306; see also 
Renal allograft survival/rejection 
immunosuppressive drugs and 
protocols, 298-301 
intraoperative, 297-298 
morbidity, 305 


Renal transplantation (Continued) 
mortality, 305-306 
postoperative, 298 
preparation for transplantation, 288, 297 
rehabilitation and quality of 
life, 306 
transplant protocol, 299 
medical, surgical, and psychiatric 
issues in transplant candidates, 287-290 
cardiovascular disease, 288 
infection, 288-289 
nephrotic syndrome, 289 
neurological development, 287-288 
nutrition, 290 
peritoneal dialysis, 289 
portal hypertension, 289 
prior malignancy, 289-290 
psycho-emotional status, 288 
renal osteodystrophy, 289 
urologic problems, 289 
organ donation process, 286-287 
cadaveric kidney donation, 286 
factors influencing kidney 
allocation, 286 
living kidney donation, 286 
pediatric kidney policy, 287 
for patients with MPGN, 154 
post-transplantation nutritional 
management, 84 
preemptive, 285 
pre-transplant evaluation, 287 
of living donor, 287 
of recipient, 287 
standard preparation of 
candidates, 288 
pre-transplant social worker’s evaluation 
form, 50-52 
role of psychologists, 60 
role of social worker, 49 
timing, 285 
transitioning transplant patient, 90-91 
Renal tubular acidosis (RTA), 234 
distal (ARTA), 234, 371 
proximal (pRTA), 234 
Renal tubular disorders, 231-237; see also 
Hypomagnesemia; 
Pseudohypoaldosteronism 
Bartter syndromes; see Bartter syndrome 
congenital nephrogenic diabetes insipidus 
(NDD, 236 
cystinosis, 232-233 
after renal transplantation, 292 
cystinuria, 233-234, 369 
galactosemia, 233 
hereditary fructose intolerance (HFD, 233 
infants and children, 232 
neonatal, 231-232 
prenatal, 231 
renal Fanconi syndrome; see Fanconi 
syndrome 
renal glycosuria, 233 
renal tubular acidosis (RTA), 234 
distal (RTA), 234, 371 
proximal (pRTA), 234 
renal tubular hyperkalemia (RTH), 235 
tyrosinemia type I, 233 
Renal tubular hyperkalemia (RTH), 235 
Renal ultrasound (RUS), 26, 323, 341 
Renoprotection interventions, 260-263 
anemia correction, 262 
cigarette smoking avoidance, 262 
fluid intake reduction, 262 
hyperglycemia control, 261-262 


Renoprotection interventions (Continued) 
hyperhomocysteinemia control, 262-263 
hyperlipidemia control, 262 
hyperphosphatemia control, 263 
hypertension treatment, 260-261 
increased endogenous insulin control, 263 
levels, 260 
NSAIDs avoidance, 263 
potassium depletion avoidance, 263 
protein intake reduction, 262 
proteinuria reduction, 261 
salt intake reduction, 262 
special considerations in pediatrics, 260 

Resting energy expenditure (REE), WHO 

equation for, 77-78 
Rickets, 122-129 
autosomal dominant hypophosphatemic 
(ADHR), 127 
bone mineralization, 122-123 
calcium homeostasis, 124 
congenital, 125 
differential diagnosis, 124-125 
disorders that can be confused with, 
128-129 
hepatic causes, 128 
hereditary hypophosphatemic rickets with 
hypercalciuria (HHRH), 127 
hereditary vitamin D-resistant 
(HVDRR), 127 
neonatal, 125 
nutritional, 124-125 
oncogenous, 128 
osteopetrosis with, 128 
pseudodeficiency, 126-127 
radiographic appearances of growing 
bones, 123-124 
renal causes, 125-128 
hypophosphatemic disorders, 125-128 
renal osteodystrophy, 128 
vitamin D-dependent 
type 1 (VDDR 1), 126-127 
type 2, 127 
vitamin D metabolism, 124 
X-linked hypophosphatemic (XLH), 125-126 


S 


Scarlet fever, and APSGN, 134 
School 
issues relating to, 53-54 
transition back to, 59 
Schwartz formula, 251 
SCUF; see Slow continuous ultrafiltration 
Sebastian syndrome, 160 
Selectivity index (SD, 104 
Senior-Loken syndrome, 161 
Sex chromosome anomalies, 46XX 
sex-reversed males, 354 
Sexual abuse, 328, 333 
‘Sexual play’, 333 
Shiga toxin (Stx), 204; see also Stx HUS 
Sickle cell disease, 99 
Sickle cell trait, 99 
Sieving coefficient, definition, 275 
Silk glove sign, 331 
Simpson-Golabi-Behmel syndrome, 229 
Sirolimus, 301 
SIRS; see Systemic inflammatory response syn- 
drome 
SLC12A3 gene, 237 
SLE; see Systemic lupus erythematosus 
Slit diaphragm, 104 
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Slow continuous ultrafiltration (SCUF), 
275, 276 
Small vessel vasculitides (SVV), 185 
ANCA-associated; see ANCA-associated 
vasculitis 
definitions, 185-186 
presence of ANCA and relative frequency 
of kidney and lung involvement, 185 
SNCCIA gene, 235 
SNCC1B gene, 235 
SNCC1G gene, 235 
Social issues in children with renal 
disorders, 41-55 
complexity of psychosocial issues, 42 
ecological perspective, 42-43 
ecomap, 42-43 
systems theory, 42 
illness intrusiveness, 42 
role of nephrology social 
worker, 43-49 
coordinating resources, 44-48 
dialysis, 49 
ethical issues, 48 
macro-level advocate, 48-49 
psychosocial assessment, 43-44 
renal transplantation, 49 
voice at table, 48 
social challenges 
child welfare services, 55 
community supports, 54 
family, 52-53, 58-59 
finances, insurance, and 
employment, 54-55 
mental health, 53 
school, 53-54 
Social support, 58 
Sodium polystyrene resin, 246 
SOX9 gene, 353-354 
Spermatic cord torsion, 328, 330 
Spina bifida, 328 
SRY gene, 347, 349, 350, 353, 354 
Stages of Change Model, 72 
Staphylococcus aureus, 293 
StAR deficiency, 351 
Streptococcus, B-hemolytic, 131 
Streptococcus hematobium, 100 
Streptococcus pneumoniae, risk of infection 
in children with kidney disease, 37 
Streptococcus pneumoniae-associated HUS, 
209-210 
Stx HUS, 203-208, 209 
clinical presentation, 205-206 
cardiopulmonary, 206 
disease presentation, 205 
gastrointestinal, 205 
hematologic, 206 
neurologic, 206 
renal, 205-206 
definition, 203 
diagnostic tests, 204 
differential diagnosis, 208 
epidemiology, 203, 209 
extra-renal complications, 206 
index of suspicion for onset, 209, 210 
outcome, 206 
pathology, 204-205 
pathophysiology, 203-204 
cytokines, 204 
Shiga toxin-producing Escherichia 
coli (STEC), 203-204 
Shiga toxin (Stx), 204 
sources of STEC infection, 204 
preventive strategies, 207 
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Stx HUS (Continued) 
risk factors for progression from STEC 
infection to, 205 
timeline of disease, 205 
treatment, 206-207 
general medical management, 206 
ineffective treatments, 207 
management of ARF, 206 
specific medical therapy, 207 
Supplemental Security Income (SSD, 48 
SVV; see Small vessel vasculitides 
Swyer syndrome, 349, 356 
Symptoms associated with renal disease, 19 
Syndromes with renal and skelatal 
anomalies, 21 
Syphilis, as secondary cause of membranous 
nephropathy, 181-182 
Systemic inflammatory response syndrome 
(SIRS), 280 
Systemic lupus erythematosus (SLE), 144, 
191-201; see also Antiphospholipid 
syndrome 
clinical manifestations, 192-196 
cardiovascular, 194-195 
causes of pleural effusions, 195 
dermatologic, 196 
diagnostic criteria, 192 
gastrointestinal, 196 
hematologic, 195 
lupus nephritis, 193-194 
musculoskeletal, 195-196 
neuropsychiatric SLE (NP-SLE), 194 
respiratory, 195 
epidemiology, 191 
factors associated with increased risk of 
developing, 192 
management, 197-199 
conservative therapies, 198 
dialysis and transplantation, 199 
health maintenance, 198 
immunosuppressive 
medications, 198-199 
medications and dosages, 197 
overview of therapy, 199 
pathophysiology, 191-192 
serologic evaluation, 196-197 
antibodies to dsDNA, 197 
antibodies to extractable nuclear 
antigens, 197 
antinuclear antibodies, 197 
complement, 197 
Systems theory, 42 


T 


Tacrolimus, 300 

TAR; see Thrombocytopenia absent radius 
syndrome 

Tenckhoff catheter, 270, 271 

Testes, undescended, 329, 331 

Testicular masses, 328 

Testicular regression, 350 

Testosterone biosynthesis enzyme 
defects, 351 

Thin basement membranes (TBM), 98 

Thin glomerular basement membrane disease 
(TBMD), 160 

Thrombocytopenia absent radius syndrome 
(TAR), 226 

Thrombotic thrombocytopenic purpura 
(TTP), 161, 211-212 

treatment, 212 


Townes-Brocks radial-ear-anal-renal syndrome 
(TBS), 226 
Transforming growth factor B1 (TGF-B1), 138 
Transitioning pediatric renal patients to adult 
care, 87-92 
barriers to, 88 
dialysis patient, 91 
advantages, 91 
essential elements, 88 
overview, 88-90 
age 14-16 years, 88 
age 17 years, 88-89 
age 18-21 years, 89-90 
patient with additional special needs, 90 
transplant patient, 90-91 
providing sufficient information about 
adult programs, 91 
unilateral, of patients over age 18 years, 90 
Transplantation, kidney; see Renal 
transplantation 
Treponema pallidum, 181 
Trimethoprim-sulfamethoxazole (TMP-SMZ), 
321, 322 
True hermaphroditism (TH), 354, 356-357 
TS; see Tuberous sclerosis 
TSC1 gene, 227 
TSC2 gene, 227 
TTP; see Thrombotic thrombocytopenic 
purpura 
Tuberous sclerosis (TS), 221, 226-227 
Tubular diseases, causing proteinuria, 107 
Tubulointerstitial disease, 161-162 
Bied|-Bardet syndrome (BBS), 161-162 
nephronophthisis, 161 
Tumor lysis syndrome, 281 
Turner syndrome, 349-350, 356 
Tyrosinemia type I, 233 


U 


Ultrafiltration (UF), 274 

definition, 275 

Ultrasound, 22-23, 335-6 

appearance of kidneys, 23 

technique, 22-23 

nited Network for Organ Sharing 
(UNOS), 286 

rate nephropathy, 4 

rea generation rate, calculation, 83 

remia, 247 

reteropelvic junction obstruction, 99 

rethral prolapse, 332 

rethrorrhagia, 99 

rge syndrome, 312, 314 

rinary tract calculi; see Urolithiasis 

rinary tract infections (UTIs), 26-27, 98, 
317-324, 327 

bacteria causing, 317 

as cause of hematuria, 98 

clinical signs and symptoms, 319 

definition, 318-319 
definition of positive and negative urine 

culture, 318 

diagnosis, 319 
algorithm for, 323 

differential diagnosis, 319 

differential diagnosis of cystitis of lower 

UTI, 320 

evaluation of child with, 322-324, 328, 329 

imaging techniques, 26-27, 323-324 
computed tomography, 27 
radionuclide cystography (RNC), 26, 323 
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Urinary tract infections (Continued) 
renal cortical scintigraphy (RCS), 
27, 323-324 
renal ultrasound (RUS), 26, 323 
voiding cystourethrogram (VCUG), 
26, 323 
investigational guidelines, 27 
laboratory screening, 320-321 
rapid screening tests, 320 
pathogenesis, 317-318 
bacterial properties, 318 
host defense mechanisms, 318 
prevalence and risk factors, 319-320 
prognosis, 324 
risk factors for renal scarring, 324 
treatment, 321-322 
acute cystitis, 321-322 
prophylaxis for recurrent UTI, 322 
pyelonephritis, 322 
Urine 
abnormal, 14-15 
color, 14, 15 
frequency, dysuria, and urgency, 15 
incontinence, 15 
odor, 14-15 
poor urinary stream, 15 
Urine protein:creatinine ratio, 105 
Urodynamic suites, 334 
Urolithiasis, 361-373 
causes of stone formation, 365-366 
metabolic, 367 
clinical conditions associated, 370-371 
imaging studies, 361-362, 363-364 
stone composition and radiographic 
appearance, 362 
infection as lithogenic factor, 372 
management, 362-365 
long-term, 372-373 
metabolic evaluation, 366-367 
urine chemistry normal values, 367 
metabolic factors predisposing to stone 
formation, 367-370 
cystinuria, 369 
hypercalciuria, 367-368 
hyperoxaluria, 368-369 
hyperuricosuria, 369-370 
inhibitor deficiencies, 370 
other solute-related causes, 370 
pharmacologic agents causing, 371-372 
structural abnormalities of urinary 
tract, 372 
symptoms, 361-362 
presenting symptoms by age, 362 
Urological evaluation, 327-334 
antenatal urological abnormalities, 329 
emergencies, 327-328 
history, 330 
office procedures, 334-335 
office surgical procedures, 334-335 
urodynamic suites, 334 
physical examination, 330-334 
abdomen, 331 
genital injury, 333 
hydrocele, 331 
hypospadias, 332 
imperforate anus, 334 
inguinal canals, 331 
labia, 333-334 
lower back, 334 
penile size, 332 
perineal examination in female, 332 
prepuce, 332 
scrotum, 331 


Urological evaluation (Continued) 
tumors, 333 
undescended testes, 331 
urethral meatus, 332 
urethral prolapse, 332 
varioceles, 332 
vital signs, 330 
radiological examination, 335-337; see also 
Pediatric uroimaging, imaging 
modalities 
routine evaluations, 329-330 
semi-urgencies, 329 
triage of patient, 327 
urgencies, 328-329 
Uteropelvic junction obstruction, 344 
UTIs; see Urinary tract infections 


v 


VACTERL association, 226 
Vaginal masses, 328, 333 
Vanishing testes syndrome, 354 
Varicella 
after renal transplantation, 294 
treatment, 168 
Varicella zoster (VSV) immunization, 35-37 
Varicocele, 329, 332 
Vascular anomalies, 99 
VATER association, 16, 20, 226 
VCUG; see Voiding cystourethography 
Vesicoureteral reflux (VUR), 313, 315, 340-345 
clinical presentation, 341 
definitions, 340 
detection, 23-24 
diagnosis, 341-342 
epidemiology and genetics, 340 
grades, 342, 343 
imaging modalities, 323 
incidence, 340 
indications for testing for, 340 


Vesicoureteral reflux (Continued) 
management, 322, 342-344 
follow-up of child on antibiotic 
prophylaxis, 344 
medical, 322, 342-343 
secondary reflux, 344 
surgical, 343-344 
pathogenesis, 340-341 
factors predisposing to renal 
scarring, 341 
prognosis and outcomes, 344-345 
secondary reflux, 340-341 
causes, 341 
management, 344 
Vincent’s curtsy, 312 
Vitamin D 
daily requirement, 125 
metabolism, 124 
vitamin D, 124 
vitamin D3, 124 
Vitamin D-dependent rickets 
type 1 (VDDR 1), 126-127 
type 2, 127 
Vitamin D-resistant rickets, 125-126 
Voiding cystourethography (VCUG), 23-24, 
26, 323, 335, 336, 341 
objectives, 24 
technique, 23, 336 
Voiding problems in children, 309-316; see 
also Enuresis; Incontinence 
data gathering, 313-314 
patient history, 313 
definitions, 309 
developmental aspects of bladder 
control, 310 
epidemiology, 309-310 
behavioral issues, 310 
etiologies and classifications of day and 
night wetting, 311-313 
treatment, 314-316 
bowel program, 314 
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von Hippel-Lindau disease, 30, 221-222 

von Willebrand factor proteases, in TTP, 
161, 212 

VUR; see Vesicoureteral reflux 


Ww 


WAGR syndrome, 353 
Wegener granulomatosis (WG) 
after renal transplantation, 292 
clinical features, 187 
definition, 186 
diagnosis, 144 
epidemiology, 186 
frequency of organ involvement in, 186 
induction and maintenance therapy, 189 
pathology, 188 
relapse rate, 189 
Wetting; see Enuresis; Voiding problems in 
children 
WG; see Wegener granulomatosis 
Wilms’ tumor, 21, 99, 289 
Wilson’s disease, 21 
WT-1 gene, 159, 176, 347, 349, 353 


x 

X-linked recessive nephrolithiasis 
CXRN), 127 

XY sex reversal, 349, 356 


Z 


Zellweger cerebrohepatorenal 
syndrome, 229 


EXAMPLES OF RENAL PATHOLOGICAL ABNORMALITIES IN CHILDREN 
Provided by Marta Guttenberg and Pierre Russo 


1. Urological abnormalities 


1. a. Abnormal facies associated with oligohydramnios: Note 1.b. Prune belly syndrome: The absent anterior abdominal wall 
beaked nose, flat uncurled ears, and suborbital folds. muscles results in a distended abdomen with a puckered surface. 


1. c. Posterior urethral valves: The urethra is 1.d. Hydronephrosis: Cross-section of a 1.¢e. Duplicated collecting system: Both the 
obstructed and the bladder wall is markedly kidney showing the dilated pelvis secondary to upper and the lower systems are hydronephrotic 
thickened. ureteropelvic junction obstruction. secondary to obstruction. 


2. Tubulo-interstitial diseases 


Se 


2.a. Pyelonephritis: Note encroachment of neutrophils on the 2. b. End-stage kidney disease: Note the interstitial inflammation, 
tubular epithelium (H&E staining; original magnification, X100). glomerular scarring, and cystic tubule dilatation (H&E staining; original 
magnification, x40). 


2. c. Renal infarction: There is marked congestion of the medulla. 


2. d. Acute tubular necrosis: There is loss of nuclei in the proximal 
tubular epithelial and mitotic figures representing cell regeneration 
(H&E staining; original magnification, x 40). 


3. Cystic and dysplastic conditions 


LAs 


3. a. Autosomalrecessive polycystic 3. b. Autosomal-recessive polycystic 3. c. Autosomal-dominant polycystic 
kidney disease: The kidneys are massively kidney disease: Note the diffuse tubular ecta- kidney disease: There are numerous cysts 
enlarged, symmetrical, and reniform. sia by low-power microscopic examination on the surface of the kidney. 


(H&E staining; original magnification, x 10). 


3. d. Autosomal-dominant polycystic kidney disease: The cysts are 
rounded. Note the glomerular cyst with the rudimentary glomerulus 
(A&E staining; original magnification, x 10). 


3. e. Multicystic kidney disease. The large cysts produce the 3. f. Renal cystic dysplasia. Note the dysplastic tissue consisting 
appearance of a bunch of grapes. of mesenchymal condensation around primitive tubules. 


4. Acute glomerulonephritis 


and several closed capillary loops (H&E staining; original magnification, x40). 


4. b. Acute post-infectious glomerulonephritis. Immunofluorescence microscopy. There are 
abundant, large, deposits of C3 in the mesangium and along the capillary walls. IgG is deposited in 
a similar distribution (original magnification, x 40). 


4. c. IgA nephropathy. Immunofluorescence microscopy. Note the characteristic mesangial 
deposition of IgA (original magnification, x40). 


5. Membranoproliferative glomerulonephritis 
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5. a. Membranoproliferative glomerulonephritis. The glomeruli are 
large, there is accentuation of the lobules, and the lumens are closed. 
There is expansion of mesangial matrix and an increase in mesangial cells. 
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5.c. Membranoproliferative glomerulonephritis Type I: There are 
subendothelial electron dense deposits between the endothelial 
cell and glomerular basement membrane (electron microscopy). 


wT’ 


A AG 1 alee: 7 AY 4 

5. b. Membranoproliferative glomerulonephritis Type I: Reduplicated 
capillary basement membranes with mesangial sclerosis are demon- 
strated Jones Silver staining; original magnification, x40). 
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5. d. Membranoproliferative glomerulonephritis Type I: Splitting 
(reduplication) of the glomerular basement membrane is shown 
Jones Silver staining; original magnification, X40). 


5.e. Membranoproliferative glomerulonephritis Type II: Note the ribbon-like, electron-dense 
deposits in the glomerular capillary basement membrane (electron microscopy). 


6. Rapidly progressive glomerulonephritis 


6.a. Rapidly progressive glomerulonephritis. Note the formation 6. b. Rapidly progressive glomerulonephritis. Immunofluorescent 
of a crescent of epithelial cells and histiocytes (Periodic acid-Schiff microscopy from a patient with anti-glomerular basement 
staining; original magnification, x40). membrane disease. Note the linear deposits of IgG along glomeru- 


lar capillary loops (original magnification, x 40). 


6.c. Wegener granulomatosis. Note the focal necrosis in the glomeru- 
lus of a patient with C-ANCA positive disease (H&E staining; original 
magnification, x40). 


cellularity. 7. b. Class M: Lupus glomerulonephritis showing lobulation of capillary 
tufts with intracapillary cellular proliferation. 
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proliferation (H&E staining; original magnification, x40). 


8. Nephrotic syndromes 
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8. a. Minimal change disease: The findings are normal by light 8. b. Minimal change disease: Normal foot-processes are seen by 
microscopy (Jones Silver staining; original magnification, x40). electron microscopy. The only abnormality may be effacement of the 
podocytes. 


rosis of some of the capillary loops in this glomerulus. Throughout 
the biopsy specimen, less than 50% of glomeruli were involved 
(Periodic acid-Schiff staining; original magnification, x40). 


8. d. Focal and segmental glomerulosclerosis: There is expansion of 
the mesangial matrix (Jones Silver staining; original magnification, x40). 


8. e. Membranous nephropathy: Note the spikes of basement 
membrane that have grown between the subepithelial deposits. Jones 8. f. Membranous nephropathy: Immunofluorescence microscopy. 
Silver staining; original magnification, x40). Note the subepithelial deposits of IgG (original magnification, x 40). 


9. Hemolytic uremic syndrome 
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9. a. Hemolytic uremic syndrome: Punctate hemorrhages are noted 9. b. Hemolytic uremic syndrome: Fibrinoid changes of the afferent 
throughout the cortex in a child who had severe disease. arterioles, endothelial swelling and tubular necrosis. 
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9.c. Hemolytic uremic syndrome. Note injury to an extraglomerular 9. d. Hemolytic uremic syndrome. Endothelial damage and disruption 
arteriole with fibrinoid changes of the intima. (arrow) are shown by ultrastructural studies (electron microscopy). 


10. Alport syndrome 
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10. b. Alport syndrome: Note the thin, split and/or laminated glomeru- 
gial hyperplasia and focal thickening of the basement membrane lar basement membranes (electron microscopy). 
(Masson Trichrome staining; original magnification, x40). 


